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P R E y A O E. 


The present work is intended to provide students of 
comparative anatomy witli a condensed statement of the 
most important fao^^ relating to the structure of verte- 
brated animals, which have hitherto been ascertained* 
Except in a very few cases, I have intentionally abstained 
from burdening the text with references ; and, therefore, 
the reader, while he is justly entitled to liold me respon- 
sible for any errors lie may detect, will do well to give 
me no credit for wdiat may seem original, unless his 
Imowledge is sufficient to render him a eoinjootent judge 
on that head. 

About two- thirds of the illustrations are original, the 
rest* are copied from figures given by Agassiz, Bischolf, 
Burmeister, Busch, Cams, Duges, Flower, Cegenbauf, 
Ilyrtl, Von Meyer, Miiller, Pander and D’ Alton, Parker, 
Quatrefagcs, and Traqiiair. 

^ A considerahlc portion of the book has been in typo 
par some years ; and this circumstance must be my excuse 
for appealing to ignore the views of several Valued con- 
temj>oraries* I refer more especially to those contained 
in recently-published ^ w^^ of Professors Flower and 
Gegeiibaur, 

" ; « 18, 15, 18^ 28, 20, 30, SI, 8G, SO, 41, 

4t, 40, r)0,:fil, 54, n&i 50, 60;^« 82, 101, 107, lOS, 100, 110. 
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THE ANATO:\nL 

OF 

VERTEBRATED ANIMAI.S. 


CHAPTER I. 


A GENKUAL VIEW OP THE OKGAXrZA'] ION OP THE A^EU'I'E- 
BllA'rA — TH E YERTEUKA rP SKPI -E rON. 

'rhe C/iaracf.ers of the M;rtehrata, — The Vertex 

hrcita lire disliiig'uished froiri nil ollii^r anijimlKS by the eircian- 
stanee tluit a traiisv(M*so arid vcrtlenl seel ion of the body 
exhibits two ciivilics, coTnj[)le{(*Iy sc[)arated Iroiii one aMOthor 
by a partition. Tiic dorsal cavity r/ontains the cerobr'o-S]>ina] 
iiervoris systaan ; tliii ventral, tlic uliimndary canal, tl)C lunirt, 
and, usually, a double chain of g’angdia, Avhicli passes utuIcm’ 
the name of tlie “ sympa-tlietic.” It is probable that this 
sympathetic nervous system represents, Avholly or partially, 
the prln(:i])al iK'.rvous system of tlie jViinulosa and JMollasca, 
And, in any c;as(‘, ttic cmitral parts of the eerebro-spinal ner- 
vous system, viz., tJie brain and tlie spinal cord, would ‘ippoai* 
to be unrepresented among* iiivcrtcbrated.aniinals. For these 
structures are the results of llicj rneiamorjihosis of a part of 
tlie priinitiv c epidermic coAmrino’ of the g^erin, and only acquire 
their ultimate position, in the interior of tlic dorsal tube, by 
tlie development and union of outgrowtlis of the blastodenn, 
which are not formed in the TnvertehraPx^^ 

Again, in the partition between the cerebro-spinal and vis- 

y * It lA posBiblcj that an exception to tliis rule may he found in tlio ABcid- 
ians. The tails of the larvre of these i^nimals exhibit an axial Bt ructuro, whieii 
has a certain roseTuhlunee to a vci-tobrate notochord ; and tlio walls of the 
rharynx are x»crforated, inuch as in Arti/pliioxv-^. 
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coral inbos, cei'tain striKiuros, wliich are not J'oprcseitted in 
iiivorlcbraled animuLs, are cojitainod. During* tlu 3 embryonic 
condil ion of all veriebraies, the conlro of iJie partiMon is occre 
pied ))y an elongat<M], ccllidar, cyiindroiflal mass — tlio yto/o- 
chords or eliorda dorsuUs. And tliis slriieture persists tlirorig;h- 
out life in some Ytrtcht'ata ; bill , in most, it is more or less 
eom|)letc‘ly repljuaMl l)r a. jointiMl, partly Hla-ous and (Cartilag- 
inous, and partly btony, vertebral eoluuui^ 

in all Vtrtihratu ^ that part of the \N all of the visceral tube 
which lies at llie side's of, and jnnnediately behind, the moulli, 
exlubits, at: a certain stage of embryonic development, a 
scries of thickening’s, ]mrallel with one another and trans- 
vau'se to the axis of the body, whicb may bo live or more in 
mmiber, and arc', tf’rmod tlie visceral arcJtes. Tlio int(*rrals 
between tliese arches become clefis, which place the pharyn- 
geal cavity, temporarily or permanently, in coumumication 
with the exterior. Noihiiig corr<‘sp(:in<ling \vitli those arches 
and (‘lefts is known in the Inverfehrata, 

A v’ertel>ratcd animal may be devoid of articn]at(3d limbs, 
and it novea* possess(\s more than two yiairs. These are always 
provided witli an internal skeleton, to whieh th(> muscrlcs iiioV" 
ing the liin1>s ai'c attaclnaJ. The limbs of invertebralcd ani- 
mals arci commonly more TiinmMons, and their skeleton is 
always external. 

Wlum in v(‘rtel)rated animals arc pi’ovided n ith masticatory 
organs, the latter are either hard productioiis of the alimentary 
mucf^iis memljrane, or ar<3 modili(‘d limbs. V(a*tel)rated ani- 
mals also cominoniy possess hard productions of the alimen- 
tary mucous ineiiila’anc? in llie form of teeth ; but t]i(‘ir jaws 
ar(3 always parts of llie walks of the paricles of the head, and 
have nothing to do with lim]>s. 

All Aa^rtclj!’atv‘(l aniimds have a (*oin]dete viusciilar system. 
Ill the thorax and abdomen, in place of a single peri- visceral 
eavity in communication witli the vas(mlar system, and serving 
as a blorxl-sinns, tlime are one or iiKirc serous sacs. ThesiJ 
invest iUe prinei})al vdscc’ra, and may or may not communicate 
with the (3xttn’ior — recalling, in the latter case, the atiial cavi- 
ties of j\follme</. 

Tn all Vertehrata^ except there is a single 

valvular heart, and all possess an hepatic perrtal system : the 
blood of the aiimentary canal never being wliolly returned di- 
rectly to tlio heart by tlm ordinary veins, but b<3ing more or 
less (’om[)letely collected into a trunk — the portal veln^ tvliicli 
rainitics through and sujiplies the liver. 



THE DEVELOrMEKT OF THE VERTEEEATA, 0 

The Ikijclojymcnt of the Yertehrata . — The ova of Verte- 
hrata Iiavo the same primary eoinposition as those of other 
aniinalsj consisting of a (ferminal containing one or 

many germinal spots^ and iiiclndcd within a u[)on the 

amount of wliich tlic very variable size, of tlie ^a^rtebrate ovum 
cliiefly dependvS. Tfie vitellus is surrounded by a v/ltcUme 
'iiicmbrane^'^x\i\ this may receive additional investments in the 
form of layers of alhifnien^ and of an out(‘r, coriaceous, or cal- 
cilied shell. 

The sjyermatozoa are always actively mobile, and, save in 
some rare and exceptional eases, are developed in distinct 
individuals from those whicli produce? ova. 


' . fie 



Fiu. 1.— T)l:ig-r;uiniuiiic sf!<’tiori of iJic utenifl of a (looidiiiitc plyontal lonminal 

(//anio): i/, ultriiy; /, FallopiMU lube: c, jjcek of tlK; otonis; r/jc, iitonnc docldnu; tfit, 
(IccUlfui ; d')\ diC/du<{ rt>JU:ii'a l villi; oA, chorion; atunion; nh^ 

iirnbilical vcsicic; alianluis. 

Impregnation may talvc place, eitlier subse(|uent]y to the 
extrusion of tlic egg, when, of course, the -wliole development 
of the young goes on outside the body of the oiyiparons 
parent; or it may occur before the extrusion of the egg*. In 
the latter case, the development of tlic egg in the inteiaor of 
the body may go no further thau the formation (>f a. juilch of 
primary tissue; as in birds, Mdiere the so-called clcairiada,^ or 
^Hread,” which is observable in the new-laid (\gg, is of this 
nature. Or, tlic development* of the young riniy be completed 
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vvliilc the roniains in tlic interior of the body of the 

parent, but quite free and unconnected with it; as in those 
vertelmites \^dli(dl are ttanned ovooiiuparoiis. Or, th(j young- 
may reca'ive* .m)ui-ishin(nit from its vlvlparotM ])ar(‘nt, beh)re 
birth, by the eh)se apposition of certain vascular appendages 
of its body to the walls of the ca.vity in which it intdergoes its 
dev(^]oj)meiit, 

TIk^ vas(uilar aj)pondages in question constitute the cluef 
|')art of what is calhal tin? placenta^ and may ]je dev-eloped 
from the um]>ilical vesicle (as in Mustchu^ among Sluirks), or 
from tin; allantois and (diorion (as in most mammals). At 
birtli, tliey may be either simjdy detaclied fr(;m the substanco 
of tlic }>arciital organism, or a part of tlie latter may be 
tlirowM oir along Avith them and rc])]aced l)y a new growili. 
In tlie highest vei‘tel)»-atcs, the de])ciidenco of the young upon 
the parent for nutrition <loes not cease even' at birth ; l)ut 
certain cut<iiieons glands secrete? a tluiil called mllk^ upon 
whiclj tic? young is ied for a long<?r or shorter time?. 

AA^^Iien d(?vcIo])mtn.it takes ()la(;e outside the body, it inay^ 
be independent of panmlal aid, as in ordinary i’ishes; but, 
firnong some re[>l ih‘S aiitl in most birds, the parent sn[)plies 
the a,! noun t of heat, ij] excess of the ordinary toiiq^erature of 
the (lir, whicli is require<l, from its own bovly, by the j)rocess 
of IriculndlOn. 

Ttie fii'st slej) in the (kwelopmeiit of tlu? embryo is the 
division <rf the vitelline substance into <deavaf]fe-7n</s:^es, of 
whi(!h tliere arc? at (irst two, then four, then eiglit, and so on. 
Tin? germinal A osiclc? is no longer s(?eu, but eac‘h cleavage- 
mass contains a imr/eus, 'fhe (‘leavage-masses OAa?ntnally be- 
come very small, and arc called emJynjo-edls^ as the ]:)ody of 
the* embryo is built up out of them. Tlie process of yeik- 
division may bo eithoj' conrplefe or 'pnrtlal. In the former 
case, it, from the fli\st, allecis tlic* whole yelk ; in tlie latter, 
it commenc-es in ]>art of the yelk, and gradcraiiv ex lends to 
tlie rest. The <)iMniit)rv tissue in whicli it 

results, very early e.vhiliits two distinguishalih? strata -an 
inner, the? so-called iniicous stratura {^ktfp(/hlad)^ wliieli gives 
rise to the e])itljelium of tin? alimentary Ira, el: and an outer, 
tlie serous sfrcUuni {(plhlasf)^ from Avhicii the epidermis ami 
the ce!*(;bro-S])inal. nmn^oijs centres are evidved. Ik?tw<?en 
thes(? appc?ars tlie Int^rmcdlffte sh'afu/ui (inesoMasf)^ vAdiicb 
gives rise to all the structures (save tlu? brain and spinal mar- 
row) which, in tlie fulult, are included bi?tAve<?n tlie opidermis 
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Df the jnleguineiit and the epitli(iliiiiii of th(3 alinientar}' tract 
and its a|)p(‘ndao’es. 

A linear depression, the prlndtlve groove (Fit!;. 2, A, c), 
makes it appearance on tlie surface of the blastoderm, and 
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Ihc subritaucc of tlio mosoblast along* eaoli side? of t.lns^>Toove 
grows up, (?arrying \s itli it iiie superjacent epIWast. Thus are 
jwodiiccd t]ic two (iomil larainw^ tlie fn*e edges of vvliich arch 
ovf^r toward one another, and eventually unjt(', so as to con- 
vert tlie groove inlo tlie cerebro-spiiial canah 11ie 

portion of the cpildast whicli lines this, cut oll‘ from the 
becomes thickened, and takes on t]i<‘ slnictnre of the brain, or 
iji the i*egion of the licad ; and of the spinal 
cord, or Ali/don^ in tlie rc^gion llio S}niu\ The rest of the 
epi blast is convt.'rtcd into the e])id(Tmis. 

The p*art of the blastoderm which li<‘S external to tlie dor- 
sal lamina? forms tlie vciitml lamhuv ^ and tbesc bend down- 
ward and inward, at a sliort distance on eiihcr side of the 
dorsal tulK?, to become tbc walls of a ventral, or viscend, 
tn]>e. Tdic ventral lamina? carry tbc e]n' blast on tludr onler 
surfaces, ai^l the liypol»hist on llu'ir inner Bnrfae(\s, and tlius, 
in most cases, teiul lo constrict oil* tlie central fjoni the 
peripheral portions of the blastoderm. Tin? latter, extending 
over the yelk, (?nclo!?cs it in a kijul of bag. T'hls bag is tin? 
lirst-formed and tlie most constant of the t(mi])(»rary, or foda.l, 
a|)pendages oi* the young vertel)iate, the irnihllical vesicle. 

While these cli.anges arc oceurriug, the mcsoblast splits, 
thronghout the regions of lln:‘ tla-rax and abdomen, from its 
ventral margin, nearly up (o the notaehord (wliicli has been 
developed, in the ineau wliile, by histological diiVen'nliaticm of 
the axial iiulifierent. tissue, immediately under the floor of the 
primitive? groove), into two lanielloi. One of iliesc, the vhcayval 
lamella,, reiiiains closely adherent to the liypoblast, forming 
witliit tli(! splancdinoph^^^ and eventually ]>ecoines the pro])(n* 
wall of the? enteric canal ; wliile the other, the parietal laiaella,^ 
follows ilu' f‘]>iblasi, forming ■with it the seyrruiUpleure,^ 'which 
is convert (?d into the parieles of t];c th(,)rax and abdonnm. 
The point of the middle line of the jdxlomcu at wlntdi tln> 
somatopleures event ually unite, is tlie umlpiliear. 

The Avails of ilie cavity formed ]>y tin? splitting of llie 
ventrid lainime fuxjuire. an epithelial lining, tind. Ina'onu* t]n‘ 
great pdeur(q)erlt()neal serous irien.branes. 

The Ftdal Ajypcnilage^ of the Vertehrata, — At its vmter 
margin, that part v\' the .sot n at op} euro wliich is to be eon- 
verted into the tlujracic and abdominal Avail of the emlnyo, 
grows up anbMiorly, jiosterioidy, and laterally, ()\'('r tlie body 
of the embryo. The tree margins of this fold gradually ap- 
proach one another, and, ultimately uniting, the inner layer 
of the fold becomes converted into a sac filled with a clear 
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fluid., tlie Amnion : while the outer layer eitlior disa]:)pears or 
coal<!Sces with the vilelliiie meiubnuie. to foriji the Vhorlon 
(Fig. ::5). 



Fin. 8. —Liitcv of Dm*, clcvclojonent of Mie body of ;i Fowl (bail thosd royov'Sentctl In 

Fijr. 2. — K, ciiifuyo iif. tlio liiii-d tluy of inctibalion ; f/, bonrl; //, oyr; ; V, oar; visooral 
firoht'S and <‘l<'n.s ; /, anterior smd ]>o.'i!'>rior folds of tbo .aioniori wliir'li hnvo not yet 
iiiiitci] over l.l?o ]»oily: ). 2, o, Jir.'st, scrond, and third <'ori:l>r il Vi'.s'k U-s; Ff, vosiclo of tho 
third ventririe.— F, embiyo :it flio litlh day of inruhtdioin M lu* k-tb'.rs ivs Irdbro, cxi^oj^t 
n, (}. rudinu-nts of th" arilrrior and po.'icrit)!’ I'MivinKicf;; aiimlon; .1// (llio allan- 
tois. liarifriiiL'’ down froin its lU’diclc); IJm, niiibiliral vasirlv.-' tt, andor-viow oi the* hoad 
of the foiviroin:^, the (list vLsci-.ral aivli huLu;^ cat away. 

d^lius t he (itnuiou cetdo.ses thr( body oi I Ik* (.enbryo, but not 
the iiinbilioMl sa(\ At inosl, as tlie •coiisiri(;t(Kl iKd-k, which 
unites the mnbilicfd sac witli titc cavity of the rniiint intostint^, 
becomes narrowed and elon/i^ated into the vitcfltne dnnt^ and 
as the SMi' iiseli’ diiniiiishes in roiatire size, Ihe. amnion, in- 
creasing in absolutt*. and relative dimensions, and Ix/txaiiing* 
distemled wii.h fluid, is leneelt'.d over it (tig. Ij- 

. A third fcctal a|)[K*iidage, the caxniineiiccs as a 
single or double outgrowth iioin the nmier surface of the mesCK. 
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blasf , behind ilie iiliinentavy tract ; but soon takes the form 
of a V( '.siclo, and rec<?ives the ducts of the primordial kidneys^ 
ox: Wolffian bodies. It is supplied witli blood by two arteries, 
e'cd\od hypoyastrl(\ which s(>rixig* fi'oru the aorta ; and it varies 
^^erv iruich in its diyvelopment. It may ])e(.‘oTrje so large us to 
invest all the rest of the embryo, in tlic respiratory, or nutri- 
tive, processes of which it then takes an important sliare. 

The splitiing (xf the ventral lamina", and the formation of a 
])lenrop(‘rit<)n(‘al cavit)', appear to ta.ke phu^e in all T^?debrala, 
Usually, there is a moVo or less distinct umbilical sac; but in 
hshes nucl ^d n//>blbm ihvvo is no amnion ; and the allantois, if 
it is dfweloped at all, rcanains very small in these two groups. 

Reptiles, Ihrds, and mammals have all these foetal append- 
ages. At birth, or when ilie egg is hatched, the amnion 
bursts and is thrown olf, and so much of the allantois as lies 
outside the walls of the body is similarly exu viated ; bid lliat 
part of it wlfich is situated within the body is very generally 
converted, behind and below, into the urinary bladder, and, 
in front and above, into a ligamentous (?orcl, tlie urachus^ which 
connects tlui bladfler wdth the front wall of the abdomen. The 
umbilical vosich? may cillier bo cast olf, or taken into the in- 
terior of the l>ody and gradually absorbed. 

The ma joi'ity of (Ikj visccinl clefts of fishes and of many 
Amphibia remain o])en throughout lile ; and tlje visceral 
ari.'hes of all hsli(‘s (except Amphioxus).^ and of all Amplubla^ 
throw out hlanientous or lamellar processes, which receive 
branches from the aortic ardies, and, as hranehim^ subserve 
respiration. In (ither T all the visceral clefts become 
closixl ami, vdth the fre(|ucnt exception of the first, obliterated ; 
and no braiichiic are dcvelo])ed upon any of the visceral arches. 

In all vorto])rated animals, a system of relatively or al)so- 
lutely hard ])arts alfords protection, or support, to tin? solter 
tissues (d‘ the body. These, according as they are situated 
uj>on the surface of the l)ody, or are deeper sealed, arc called 
exoslceletAOi ^ or* ejidoskekteyn. 

The Vertebrate JLmbiskefeton, — This consists of connective 
tissue, to wiiicli cartilage and bone mtiy be added in various 
piypurtions ; togcth(*r witli tlie tissu() of the notocliord and 
itSv^lieatb, 'which cannot be classed under eitlu'r of tliese heads. 
Tlie ondoskcleton is distinguishable into two independarit por- 
tions—thc one axial, or belonging to t he liead and trunk ; the 
other, appendlcnlar, to the limbs. 

The axial endoskeletori usualiy consists of two systems of 
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skeletal parts, the sjnnal system^ and the cran ial system^ the 
distinction between which arises in tlic following way in the 
higher Vertebrata : 

The prijnitive groove is, at first, a slinjde straight d(^pres~ 
sion, of (»qual diameter thronglioui ; but, as ils sides rise and 
the dorsal laminae grinliinlh^ eiose over (this process cominen- 
cing in tin.' anterior moiety of tla'ir hnigili, in the futinc ce- 
plialic region), the one ])art becomes witier than tlie other, and 
indieaies the cephalic region (Fig’. 4, A). Tlie notoehord, 
which ^lMderli(^s Ihe groove, terminates in a point at a little 
distance behind tlie anterior end of ihe ci‘]>ha]ie (‘nlargemerit, 
and indeed imdcr tin; median of three dilatations which it 
])resents. So much of ilio floor (^f the enlarge iiiont as lies in 
front of the end of ih(‘ notoehord, bonds doAvn at right angles 
to tlie rest ; so that tlie anterior enlaigejneiit, oi’ anterior cere- 
bral vesicle, as it is now called, lies in fitmt of tlie end of tlie 
notochord ; the median (mlargement, or tlie raideUe cerebral 
vesicle, above its extremity ; and the liinder enlaigenumt, or 
the cerehral vesicle, behind that extremity (h^ig. 4, I) 
and If). The under surliieo of ihe anteiior vt'sicic litas in a 
kind of pit, in froril of, anti rather below, liu' aptvx of the noto- 
chord, and tlie pituitary yland is developetl in eonm^ctioii with 
it. From tlie oj'iposii.c np|)er surface of the same vesirde the 
pi need gland evolved, and tlie ])art of tlaj anterior c(n-ebral 
vesicle in ci.mnectioii with whiidi Ihesi? remarkable bodies tirise, 
is the future third vottriele. 

Behind, the posterior ccn'l»ra1 vesicle p>asscs into the primi- 
tively tubular spinal cord (Fig. 4, A). AVlan'C it does so, the 
liead ends, and tlio spinal coiumii begins ; but no line of de- 
marcation is at first a isiblc bctw(*eu these two, the inditrerent 
tissues wliich ensheath the nolochonl passing Avithout inter- 
ruj)tioM from oiu; region to th(.‘ otlu'r, and retaining the same 
(d 1 a r a < .* t e r 1 h i*ough oi it. 

The fust cssentird dinerentiation between the slsiill and 
the vertebral column is (’ITeelcd by the appearance of t lie proto- 
vcrtehrcc. At regular interA’als, coimneneing at tlie anterior 
part of the (!crvieal region, and gradually extending liackAvard, 
tlie iiidiflerent tissue on each side of the iiotochoixl undergoes 
a histological cliange, and giAn^s rise to more ojiacjue, (juadralo 
masses, on ()])posit(? siries of the iiotocliord (Fig. 2, .B, (J). 
Each pair of tlicsi^ gradually unite above and beloAv that struct- 
ure, and send arched prolongations into the Avails of the spinal 
canal, so as to constitute a pro to vertebra. 

No proto vertebrm appeardn the floor of tlic skull, so that, 
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ev'en in tliis early slag'Cj a clear distinction is drawn boj^woen 
the skull and the spinal column. 



Fig. 4. — Sncoessivo .stii.ws of tlio <1t‘VolopTnpnt of tljo ho-ad of .1 Chick. T. II, fll, first, sor- 
oiid, nu<l third corcbrul vosidcs; /tr, vcsic.lo of tbo ccrobrnl }ictoi.spbcro ; Jh^ of 

the thinl vouirhb?,' < 7 , rudiments of the oyvs and optic nerves; f/, of the <‘ars; (/, of the 
ol Victory orptus ; j, the infundibulum: c. the pineal jsrland; r, fuoiovertebrie ; A, noto- 
chord ; *1, ‘2, 0 , 5, vi!H;eral arches; V, Vlf, Vllf, tlie tripnoinaL porflo dura, and ninth 

and tenth pv^irs of cnmial nerves; i\ the nasal process; /, the m.axillary process; ir, ttjo 
first visceral cleft. A. B, ii])pcr and ninler views of the lioad of a Chick at the end of 
the second day. O, sido-dew at the tbinl day. IX side-view at seventy-five hours. B, 
flidc-vio w of the head of ti Chick at the fifth day, which has be,en subjected to slight pro»s» 
nw. F, head of a Chick at the sixth day, viewed from below. 
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TKe Spinal System, — The proto vertebra? consist vit first 
of mere indifferent tissue ; and it is by a process of histolo^;’!- 
cal cliffcrenliation witliin tiie protovertebral masses that, from 
its docpcM- parts, one of the? spinal y an yUa and a cart Hay bious 
vertebral ccjitrum — from its superiieial layer, a segment of the 
dorsal muscles^ arc produced. 

Choiidrincation extends n}>\rard into tlie vails of llie dca'sal 
tube, to pj oduce the neiirid arch and sjnne of eacli vertebra ; 
and, outward, jiito the wall of the thoracic and abdominal part 
of llio A caitral tidie, to <»ive rise lo tlu^ f ran srerse processes ami 
ribs. In lislics, the latter rtnnain distinct and sr‘paratc from 
one anotln'r, at their distal ends ; but, in most reptiles, in 
birds, and in niarniiials, the ends of some of the anterior ribs, 
on both sides, unite top;ether, and tlnm the united parts coa- 
lesce in the middle line to form a median subthoracic cartilage 
— the stevwinn. 

When ossification sets in, the centra of the vertebra) aie 
usuall}^ ossilied, in great measure, from ringlike deposits wliieh 
closely invest the notochord ; the arclies, from two lateral de- 
posits, which may extend more or less into tlic centrum. The 
vertebral and the sternal portions of a rib may' each liave a 
separate ossific centre, and become distinct bones ; or the 
sternal parts may remain always cartilaginous. TIjc sternum 
itself is variously ossilied. 

Between the completely-ossified condition of Hk? vertebral 
column and its earliest state, there arc a miiUitndo of gj*ada- 
tions, most of whicli are more or less c(nnpletely realized in 
the adult condition of certain vertelmitcal aninails. The verte- 
bral column may be represented hy notldng’ but a notochord 
witli a structureless, or more or less fibrous, or cartilaginous 
sheath, witli or witliout l udiments of cartilagii 1014s arches and 
ribs. Or there may be bony rings, or enslieathing ossifications, 
in its walls ; or it may have ossified neural arches and ribs 
onl^^, without cartilaginous or osseous centra. The vt^rtebim 
may be completely ossilied, with very^ deeply biconcave bodicvS, 
the notochord rcmaiiiing persistent in the doubly-conical inter- 
vertebral substance ; or, ossilicatioii may extend, so as to ren- 
der the centrum concave on one surface ami convex on the 
other, or even convex at each end. 

V^ertebne whicli liave centra coiicav^e at each end have 
been conveniently termed (imphicodus ; tliose witli a cavity 
in front and a convexity behind, / whore the position 

of the concavity and convexity is reversed, they are opistho^ 
ccelous. 
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In tlie MaramaVui^ tlic contra of tLo vertebra? are tisually 
flat at cacli end, the teriniiial feces beiiii*’ discoidal epij)hysc^^ 
developed ironi centres of ossifleation distinct fi*oin that of the 
centrum 

The contra of tli(^ vertebrie may be nniled togetlicr by 
synovial joints, or b\- lig'amentous fibr(*s — tlie htti/rvertehral 
ligmnciit^. Tlie arclu'S arc connected by jigainents, and g(ni- 
erally, in audition, by overlapping mliculai* processes called 
"^yipfpophy.^cs^ or obli(pu? processes. 

In a great many Vcrtdynda^ tlie first and second cervical, 
or atla^ and axh^ vertebra) undergo a singular change ; the 
central ossifleation of the body of tlie atlas not coalescing 
with its lateral and inferior o^ssiflcations, but either persist- 
ing’ as a distinct os odordoidmrnyor anchylosing with the body 
of the axis, and becoming tlie so-called odontokl 
this vertebra. 

In Vertehrata with well-dev'elopcd hind-liml)s, one or more 
vertebra), situated at the posterior part of the trunk, usuallv 
l)ecoine peculiarly modified, and give rise to a sacri/m^ with 
v'hicli the pelvic arcli is ooniiected Iiy tlie interniedi«atiori of 
expanded and anchylosed ril)S. In front of flic sacniin the ver- 
tebim are artificially classed as ca'ineal^ dorsal^ and lumbar. 
The llrst vertebra, the ribs of which are connected witli t,ho 
sternum, is dorsal^ and all tliosc which Ho bohiiid it, and have 
distinct ribs, arc dorsal. Vertebra? witliout distinct ribs, 
between the last dorsal and the sacrum, are lumbar, Ycr- 
tebrm, witli or wiiliout ribs, in front of tlio flrst dorsal are 
cervical, 

'Flu) verleln-ie which lie behind the sacrum arc caudal or 
coccyyeal. Very frequenlly, downward jwoccsses of these 
vertebrm enqiose the backward contimiation of tlie aorta, and 
maybe separately ossified as subcaudal,, or elievron, bones. 

A tolerably complete segment of llu) spinal skeleton may 
be studied in tlic anterior part of the tliorax of a crocodile 
(Fig. 5). It presents a procalons vertebral centrmn (6'), 
united with which by the neuroccntral suture is the neziraJ 
(irch^ which rises into the neural sjrine (i\\ S,), Two pro- 
cesses, the (j?), extend from the front part of 

the arcli, and have fiat articular surfaces turned dorsally. Two 
others of similar form, but liaving their aiticnlar surfaces 
turned ventrally, proceed from the jiosicrior face of the 
neural arch, and arc the postzygapophyses {Z\ By tliesc, 
which are often called oblique, or articular, processes, the ver- 
tebra articulates with the corresponding processes ofits prede- 
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cessor" or successor in the scries. The tnmsDersc processes are 
two on each side, one superior and one inferior. The former 
{l\t) articulates with the tuhereularn of the rib, the latter 
(C/>.^)with its capituliim. They may, therefore, be called ca- 
pitidar and tubcreidar transverse processes i'( 'specii \’e]y. Eacli 



Fuj, 5.— so^mont of tlie cndoskeleton in lltc nnlorior tlioracio rc^^ion f)!’ the hoilv of a croe- 
oUile. — e, the centrum or body of the vertebra ; A'iN', the neural spine,; Pi,' the pre/y- 
frapophysifi ; P/, the postzysfapo|>hysis; the transveiso proe.vs.s which articijlat(‘,.‘i 
with tlie tuborcnliitri of the vil> (f); (’iJ.f., that which arti(Milate'.s with t?nj c.-ipitiiliuri of 
the rib (CV>); Ka the ossided verte]>ral rib; V-t'^ the juut of the V{u b.‘l/rul J‘il> which 
rcjuaiuB ciulila^bious; the sternal rib ; Sf, im artiJlcial)y-,Sv;paratcd seyniont of the 
stern uin; the uiichiatc' proceaa. 

rib is divided by an articulation into a voii.elaal ( f j') and a 
sternal (^iSLr) part. Tlie fornnu’ rcniauis unossilied for a con- 
siderable distance at its distal end ( Kr') ; tlie latter is more or 
less converted into cartilage bone. The proximal end of tlie vt‘r- 
tebral rib bifurcates into a tubercidum (/) {ix\(\i\eapifidum (C^>). 
The distal end of the sternal rib unites with the more or less os- 
silictl but unseginented cartilage, which forms the sternum {St). 
A cartilaginous, or partly ossified, {l\i(.) pro- 

jects from tlic posterior edge of the vertebral rib, over the in- 
tercostal space. The student will find it convenient to liiinil- 
iarize himself with tlie conception of such a spinal segment avS 
this, as a typo, and to consider the modilicalions hereafter 
described with' reference to it. 

In the majority of the ' Vertehrata^ the caudal vertebiTe 
gradually diminish in size toward tlie extremity of tlie body, 
and become reduced, by the non-devclopmcnt of osseous jiro- 
cesses or arches, to mere centra. But, in many llshes, wliich 
possess well-ossified trunk-vertobra.>, no distinct conira arc 
developed at the extremity of the caudal region, and the 
notochord, investiul in a more or less thickened, . fibrous, or 
cartilaginous sheath, persists. Notwithstanding this embry- 
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onic condition of tlie axis of llio tail, the superior and iliferior 
arches, and IIh.'; interspinous bones, may Ix) completely foriped 
in cartila^^e or bone. 

N\^]nite\'er the condition of ilie extn'iiic end of the spine 
of a fisfi, it occasionally retains the same dire^ction as the 
trunk part, but is fur more generally bent np, so as to form 
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an obtliso angle with the hitler. In the former eiise, the ex* 
treniitj of the spine divides the caudal fin-rajs into two nearly 
equal moieties, an upper and a lower, and the fish is said to 
be diphycercal (Fig. 0, A). In tlie latter case, the upper di- 
vision of the caudal hii-rays is much smaller than the lower, 
and the fish is heterocercal (I’ig. 6, B, C). 

In most osseous iishes the hypural bones A\ hich sujiport 
the fin-niys of the inferior division becorno much expanded, 
and either remain se])arate, or coalesce into a we(]ge-s]iape<i, 
nearly synirnetricai bom', whicli be<‘Oines am'liylosed with ihc! 
last ossitied vertebral contrinn. The inferior liii-rays are now 
disposed in such a manner as to give tlie tail an appearance 
of symmetry with respect to the axis of tlie body, and such 
fishes have been called homoccreaL Of tlKxse liomoccrcal fish, 
some (as the Salmon, Fig. (J) have tlie notochord uiiossilied, 
and jirotceted only by bony plates do\clopcd at its sides. In 
others (as the Stickleback, i\*r(.'h, etc.), the slieatli. of the no- 
tochord becomes eompleioly ossiJied and unite?d witli the cen- 
trum of the last vcrtelrra, wliieli then appears to be prolongc'd 
into a bony urostyle. 



Fit; T. — Tbo car nous n aulmii of a Fowl at llic sixth d^y of inciil.»at ion, v iowol from be- 
low. — J\ tho pituitary space; ti\ the iralft^euUt\ uiiilinjr iu front, in tJic Ijifiircab.il clli- 
movomcriiic plate; Qa, the quadrate c^iurUlaf^o ; Ac, the soiaicircular canjilB; tho 
cwhlca; tho notochord imboddwl in the basilar plate. 

S ' 

The Cranial System, — As has been stated, no protover- 
tebnn appear on the lloor of tlic skull * nor is lliero any era-* 
niuin, nor any developmental stage of a cranium, in wliicli sep- 
arate cartilagirltDus centres are l^nown to occur in tliiwS region. 

On the contrary, when cliondrificatiou tak<-s place, it ex- 
tends continuously forward, on each §ide of the uolochord, 
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aad usuiiilj invests tlie anterior termination of that, body, 
more or less complotely, as a basilar plate. 

The basilar pla(o does not extend under tlie floor of- the 
pituitary fossa, but tlie cartilage is contiuucd forward on each 
side of this, in the forin of two bars, the traheculm craiiiL In 
front of the fossa, the trabeciike reunite and and in a broad 
plate, iisually bifurcated in the middle line — tlie ethmovome- 
rme phiie. 

On each side of the posterior boundary of the skull, the 
basilar cartilage grows upward, aud meets with its fellow in 
the middle line, thus circumscribing the occipital foramen^ 
aud furnishing the -only cartilaginous part of the roof of the 
skull; for any ciirtilagiuous upgrowths which maybe devel- 
oped in the more ant(?rior parts of the skull do not ordinarily 
reach its roof, but leave a 'wide, merely membranous space, or 
fontancUe^ over the gr*oater part of tlio brain. 

Before the skull lias attained this condition, the organs of 
the three liiglu^r senst^s liave made their appearance in pairs 
at its sides; the olfactory being most anterior, the ocular 
next, tlie auditory posterior (Fig. 4). 

Each of tliese oigans is, primitively, an involution, or sac, 
of the integument ; and each acquires a particular skeleton, 
wliich, in the cn.se of the nose, is furnished by llic etlimovo- 
meriiK^ ]xirt of the skull ; while, in that of the eyes, it apper- 
tains to tlie organ, is librous, cartilaginous, or osseous, and 
remains distiiud from the skull. In the case of the ear, it is 
cartilaginous, and eventually osseous : wlu^thcr primitively dis- 
tinct or not, it early forms one mass with the skull, immedi- 
ately iu front of the occipital arch, and often constitutes a very 
importuut part of th<^ ^valls of tlie fully-formed cranium. 

The cthmovomcrine cartilages spread over the nasal sacs, 
j-oof them in, cover tliem externally, and send down a parti- 
tion bi it ween tliem. Tlie partition is the proper ethmoixf the 
lanihui perpendicular is of Immau anatomy ; the posterolat- 
eral parts of tlic eth mo vomerine cartilages, on each side of the 
partition, occupy the situation of the prefrontals^ or lateral 
raasscs of the ethmoid of human anatomy. The ingrowths of 
the lateral avails, by which the nasal mucous memliranc Ac- 
quires a larger surhuic, are the turhinals, "% ■ ^ 

Hi) dike carMlagiuoUvS rods appear in the first, second, and, 
more or fowor, of the suf^ceediiig, visceral arches in all but the 
lowest Vhrtcbrata, The upper ends of the first and second of 
these become connected wit.li the auditory capsule, which lies 
immediately above them. 
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TliQ first visceral arch bounds the cavity of the moutli be- 
hind, and marks the position of the mandible or lower jaw. 
Tlie cartilage which it contains is termed IfeclceVs cartilage. 
The cartilaginous rod contained in the second visceral arch 
of each side is the rudiment of the liyoldean apparatus. Like 



Fkj. 8. — l^ttclor-rlcw of ibo lioad of a Fowl at Ujc sovcnlli day of in( iiI){iiion.'~/<Y, the coro- 
Vira) .boiriiHj)l.UTes the iiito^mofiit to bulyc; .7, tho (\\ os: r/, lljo oltactory fira^a; 

k\ tho fronto-iinsul process; tUo luaxUbiy process; 1, 2, t)io iirst ruid second vi«eo;iii 
arclics ; a*, tho remains of tJio first visceral cfol't. 


the preceding, it unites with its fellow in the \erilrnl median 
line, where the so-cjdled body” of tho hyoid arises. 

A ridge, continued forward from the first visceral arch to 
the olfactory sac (Fig*. 4, F ; Fig. 8, /), bounds the nauith on 
each side, and is called the maxUlari/ jn'oeetss, A cartilaginous 
fnilato-ptevygoid (ifn"(doped in tins })roc*ess, beeoines con- 
nected with Moekel’s cartilage behind, and w ith the prefrontal 
cartilage in front. 

The maxillary process is at first separated by a notch cor- 
responding wdtli each nasal sac, from the boundary of tho 
anterO'inedi«an part of tlie mouth, whi(fh is • formed by t he free 
posterior edge of xs. fro^ it o~nasal process (Fig. 4, ¥ ; Fig. 8, k), 
separates the nasal sacs, and contains the cartilaginous, 
ethn)OV()rtibrme, antei^ior termination of life skulk Tlio uot(di 
is eventualjy obliterated J)y the union of the fronto-nasal «'U)d 
maxillary processes, externally ; but it may remain open in- 
ternally, and then gives, rise to the posterior nasal apertvre^ 
by w]ii(?h the nasal cavity is placed in comnnniicaiion with 
that of the mouilL 
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The General 3rodifications of ^^the Vertebrate SlcuU. — The 
lowest yerfcebratcd animal, AmpMoxus^ has no skull. In a 
^reat many fishes, the development of the skull carries it no 
further than to a condition which is substantially similar to 
one of the embryonic stages now described ; tliat is to say, 
there is a cartilaginous primordial cranium., with or witliout 
superficial granular ossifications, but dtrvpid of any pro])er 
cranial bones. The facial apparatus is either incompletely 
developed, as in the Lamprey ; or, the upper jaw is repve- 
eented, on each side, by a cartilage ans^vering to the palato* 
pterygoid and part of Meckel’s cartilage, while the larger, 
distal portion of tViat cartilage l)ecomes articulated wdth the 
rest, and forms the lower jaw'. This condition is observable 
in the Sliarks and Jlays, In c»ther fishes, and in all tlie higher 
Vertehrata^ the? cariilaginons ci-anium and facial arches may 
persist to a greater or less ex bait; but bones arc added to 
them, which may be almost wholly membrane bones, as in the 
Sturgeon ; or may be the result of the ossifieatiou of the car- 
tilaginous cranium itself, from definite centres, as well as of 
the devolopmont of superimpose<l membiano bones. 

The Osseo'Uf^ ]lral)%-cas(\ — Wluai tin? skull undergoes com- 
plete ossification, oss(h>us matter is thrown dowm at not fewer 
than tliree points in tiie middle of its cartilaginous floor. Tlie 
ossifies deposit, nearest the ocei})ila.l foramen, becomes tlu^ ha si- 
occipital bone ; that w hieli takes place in the floor of the pitu- 
ij^ry fossa becomes the basisphenoid ; that w hich appears in 
the roiMited tralicculac, in front of the fbssa, gives rise to the 
presj^henoUL Again, in front of, and outside, the cranial cav- 
ity,’ the eUtmold may bo reprcsenltKl bj^ one or more distinct 
ossifications. 

An ossilic <.*entre may appear in the cartilage on eacli side 
of the oc(Mpltal h)ra.iiien, and give rise tOvtlie ex-occipital * and 
above it, to form tlie sup7*a~o^0cipital. The four occipital ele- 
ments, uniting together more or less closely, compose tlio oc- 
cipital scf/ment of the sknll. 

In front of the auditory capsules ifctid of the exit of the 
third division of the fifth nerve, fi centre of ossification may 
appear on eadi side and give rise to tfie (disphenoid ; wdiich, 
normally, bec^omes united below with the basisplnmoid. 

In of- or above, the exits oCthe optic nerves, the 

^yrbitosp^rioidal ossifications may a])p€ar and unite below 
witlt the prgi^jUeiioW* 

In front of the occipital segment, the the skull is 

forujed by incnl^rane ; and the bones the tw o 
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segments of vvhicli tlio basisplienoid and presphenoid form the 
basal p-irts, arc niern]>rane bones, and are disposed in two 
pairs. Tlic posterior are ilie parietalSj the anterior tlie fron-' 
tals ; and the segments which tliey complete are respect ivclj^ 
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called :i\\d fronUiL Tims the walls of the crflnial cav* 
ity in ilie typical ossificKl skull are divisible into threes segments 
— i. Occipital, 11. Parietal, 111. Frontal — tlic parts of Avliich 
arc arranged vviili reirn'cmce to one anoiiu.T, llie sensory organs 
and tlie exits of tin? (irstj s<*eoiKl, liftli, and tenth pairs of 
cranial n(n*\ es (r., Ti., v., and x.), in the manner shown in the 
diagram'^' on tlie |)rec(.*ding page. 

^J'lie eartilaginons cases <jf the org’ans of liearlng, or the 
2'>eriotic capsules^ arc, as has bemi said, incorporated witli tije 
skull between tlie ox-oo(‘ipitals and the alisphenoids — or, in 
other words, between the occipital and the parietal segments 
of th(i sknlk lllacli of them may liavo ilireo principal ossifi- 
cations of its own. 'Idle one. in front is the p7rj0 lie / the one 
behind and below, the opistJioiie ; and the one wdiidi lies 
above, and externally, the epiotlc, 'llie last is in especial re- 
lation with the posterior verthiai semicircular canal; the first 
with the anterior vertical sianicircnlar canal, between which, 
and tlie exit of tlie third division of the fiftli nerve, it lies, 
Tln.'se tliJ-eo ossilk ations .may <a>a.lesee into one, as when they 
constitute the petrosal and parts of the temporal bone 

of liinruin anatomy; or the epiotk*, or tlie opisthotic, or both, 
may coa.h‘scc with tire adjacent svi})j'a-oeeipital and ox-occi])i- 
tals, leaving tlie proiitic distinct. The jrrobtic is, in fact, one 
of the most constant I)ones of tlie skull in the lower Vertebra^ 
ta^ thoiigi) it is commonly mistaken, on the one hand for tlio 
alisplienoid, and on the other for tlie entire potro-rnastoid. 
Sometimes a. foin'th, ptcrotie ossification, is added to tlie three 
already mentioned. It lies on tlie upper and outer part of the 
ear-capsule between the probtic and the epiotic (see the fig- 
ure of tlie ctirtilaginous ci anium of the Pike, iifjrd). 

In SOUK' 7 the bas(? of the sknll (;xhi]>its a long 

md distinct splint-like membrane bone f — ihe pemfsjyhenold^ 

* Tho nantos of tlio purely aieiuhrano boiios in iliia rliai.,^raiii are in lar^e 
eapitals, a.s JV\KI,ETAL; while* tliose of tho bones wliicli are preformed in 
eartihiLi'o are in snuillor type, aa BAsrsinuoxoin. 

+ Bonos ruay bo formed in two ways. Tliey rnay be preceded by cartilairo, 
and tlie ossific <]onosit in tlie place of tlie future bone may at first be doposited 
in the mati'ix of lluit cartibii'c, or the ossific deposit may take place, from tho 
first, in indiflbront, or rudimentary eonneeiive, ti.SHUC. In this ease the bono 
is not pivllii’iued l>y cartila*j:tj. In tho tsUulIs of El asm o branch lis lies, and in 
the sternum and e{'ieoracoi<i of Lizards, the bony matter is simply ossified car- 
tilage, orcArtilage l^onc. The ]<irictal or frontal bones, on the other hand, 
are always «lovoid of cartilaginous rudiments, or, in other words, arc inenibrantf 

In tlie higher FeHfhmta the- cartilage bones rarely, if ever, remain as such: 
but the primitive ossified cartilugo becomes, in great measure, absorbed ana 
replaced by lucmbrane bone, derived from the periehondrium. 
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which underlies it from the basi-occipital to the pro-sphenoidal 
region. In ordinary fishes and AhtpldhUi^ this bone iippoara 
to replace the basisphenoid and presjfiieuoid functionally^ 
wliile in the higher Vertehrata it beeoines eon founded with 
the basisphenoul. Tiie Vomer is a siinilar, spliiil-lik{‘, single 
or donl)le, rrieinbrane bone, Avliich, in like; manner, underlies 
the otlimoid region of tlie skulk 

Tu addition to the bones alix .‘uIa' nuadioiua], a prifronlal 
bom; may be (hvva doped in the prcfronlal region of the nasal 
capsule, and bound the exit of the olfaetory ticrA'e cxb'rnally. 

A. postfrontal bone may appear behind the orbit above the 
alisplumoid. Sometimes it seems to be a mere disinember- 
inont of that bone; but, in most cases, the; bom* so named is a, 
distinct membrane bone. 

Furthermorf*, on tbe outer and n|>[)t‘r sin ra(*<' f»f tin; andi- 
toiy ca[)siilc a meml)ranc bone, the squamosal ^ is A'ery eom- 
inonly dcvelo]>ed ; and another pair of splint-]>oncs, the rofsals^ 
cover the upper jeart of the ethmovomerine ehaml)ers, in 
which tlie oliiictory orgTins arc lodged, 

The Osseous lAieial Ap'jufratusd — Tin; bones of the face, 
which constitute t lie iidV*nor arcIn'S of the skull, a])j>ear vvltli- 
iii the various ])roeesse.s and vise (tmI arches \vhleli have bec'U 
enumerated. Thus, i\\o premaxllliv are two bom's developed 
in the oral part of tlie iiasodVontal proee^ss, one on eacli side 
, of the middle line, between the e\t(.*rnal nasal apm’tures, or 
anterior nares^ and the Jint(*rior boimdaiy of the mouth. 

Ossification oeeins in tin; pakito-|)t(*iy gold eartilaga; at two 
chief points, one in front and one beliimk The* antej ior gives 
rise to tin; palatine bom;, the ])Osteiior to the pteripjoUL 
Outside Ihc'se, several tiicmbi'am; bones may mak(* their ap- 
]>ear*Tnec in the same process. The eliicf of these is the rnar> 
illa^ whieli commonly unib'S, in iTOiit, with tin; p)remaxiila. 
Beliiiid the maxilla there may be a second, tin; jtffpd q and 
ocoasionally behind this lies a third, the (pi(ulreito-ju(faL 

Between the maxilla, tlie prefrontal and the |>i( inaxilla, 
another membrane bone, called lachrymal^ from its ordinary 
relation to the laclirymal canal, is very gtmerally developed ; 
and one or more siipra-orhital. and post’-orhltai ossifications 
may he connected witli the bony bonmiaries <)f tin* orbit. 

When these and the postfrontal in em bran (v boiK* are si- 
inultanoously develojAcd, they form two series (d‘ ])ony s|)lints 
attacli(;d to tbe lateral wal| of the skull, om; sid above and 
one beloAV the orbit, which converge to thi; lacliryrnal. The 
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upper vseries (laclirvujal, siipra-orbital, posi-iVoiital, squamosal), 
terminates ijosferieriy ov*er the proximal end of the quad)xit<i 
bonCy or mandibular mspensorimn. The lower series (lachry- 
mal^ ma.xiJlary, jugal, quadrato-jugal) ends over the distal end 
of tliat bonc‘, wiih whiefi the quadrato-jugal is connected. 
Tlie ( wo series arc connoctcd behind the orbit by the post- 
orbital (whr^n it ( 3 .vists), but more commonly by the union of 
the jugal with the post-frontal and s(piarnos:d. The Ichthy* 
omarla^ Ghelonla^ (JrocodUia^ and some .Larertllla^ exhibit 
this double scries of bones most completely. 

E:u‘.li nasal passage, at (irst very short, passes between the 
prcmaxilla bcdovv, tlic ctiimold and vomer on the inner side, 
the pro'ljontal above and oxternall^^, and the palatine behind, 
to op(m into the forepart of the nioutli. And, before the cleft 
between the outer postmaor angle ol' the naso-frontal process 
and the maxillary pi'ocess is <rlo.sed, this passage ooinnumi- 
cates laterally, with the exterior, and, postei’iorly, witli the 
cavity of the orbit. When the maxillary and the naso-frontal 
processes unite, the direct external coiiimuni(’ation ceases; 
but the orlnto-nasal passage, or lachrymal canal^ as it iwS 
called, in conseqiKmce of its function of convening away the 
secretion of tlie lachrymal gland, may persist, and tlie lachry- 
mal bone Tfiay bo developed in (^special ndalion with it. 

Ill tlio liiglier Vcrtebra.ta^ the nasal passages no longer 
communicate with the foreparl, of the cavity of the mouth; 
for the m:ixillari(^s and palatines, regularly, and the pterygoid 
bones, occasionally, send processes downward and inward, 
wliicli meet in the middle lino, and shut olf from the mouth 
a canal wlvich receiva.*s tlie nasal passages in front, while it 
opens, lieliiud, into the pharynx, by wliat are now' tlie poste- 
rior narcs. 

Two ossiiicatioMs commonly appear near the proximal efid 
of Meeked’s cartilage, and become bones inovabl}’' articulated 
together. Tin* proximal of iliesc is the quadrate bone found 
in most vc'rtebrates, the malleus of niammals ; the distal is 
the os articularc of the lower jaw in most vertebrates, but 
(iot^s not seem io be represented in mammals. The remainder 
f>f Meckel’s cartilage usuallj^ persists for a longer or shorter 
time, but does not ossify. It becomes surrounded by bone, 
arising from one or several (centres, in the adjacent membrane, 
and the 7%imu$ of the mandihle thus formed articulates with 
the squamosal bone in mammals, but in otlier Vertehrata is 



THE OSSEOUS MANDIBLE. 


29 


immovably uiiiiijd with the os articidare. Hence the complete 
ramus of the niancUble articulates directly with the skull in 
mammals, but only indirectly, or through the iiitermediation 
of the qiiadi*ate, in other Vertebrata, In birds and repjtkjs, 



Fjo. n. — Tlio lu'ild of a Lamb ro ns to s}:ow ontt.ilsitro, M ; the 

mftlk'U.s, m; tbo in<’iis, V; ilio tvn>i)auic, Ty ; JjvoM, //,• (ho sqitaniosnl, A'v; 
ptfryj^old, 7V/ paUitiiiC!,y>(^/ bchryjjial, /,; iimnaxiila, ,* nasal sao, A’/ Kiislacbiaxi 
lube. Ku. 


the proximal end of the quadrate bone articulati^s directly 
(witli a merely a})pareut exci'ption in OplddUt)^ nud iudcpeii- 
dently of the hyoidean apparatus, with the yxa'iotic cxpsule. 
In most, if not all lishes, the connection of the niandibul.ar 
arch with the skull is elfected indirectly, by its attachment to 
a single cartilage or bone, the Iii/omandibulm\ which repre- 
sents the [n-oxliual end of tlie liyoidean ai’idi {see Fig. 24). 

The ossiliiaition of th(3 hyoidean a|)paratus varies immcnsiv 
ly in detail, bfit usually gives rise to bony lateral arches, and 
a median portioTi, bearing nnich the same relation to iliem fos 
the sternum lias to the ribs. Whim tlio lateral arches arc coin- 
plefe, the^" are conuected directly with the periotic i^apsuk;. 

The proximal end of the liyoidean arch is often united, 
more or less (dosely, with the outer extrernity of the bone, 
eallcd columella aurls^ or stapes^ the inner end of w hich, in 
the higlier Vertebrata^ is atUichcd to tl^e niembraTjc of the 
fenestra ovalls. 

In ordinary fishes, a fold of the integument extends back- 
ward from the second visceral arch over the «])crsisl fait bran- 
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eliial clefis; wHJiin this is clevolojxxl a scries of ray] ike mem* 
braiio boat's.^ tenacd opercular jiiid hranehiostefpil^ winch bo- 
conio closc'ly connected wdth the hyoi(J(\‘in arch. A corre- 
»s])ondinj^ process of the skin is developed in the Batrachian 
la(l])ol(‘, and gTows backward over the branchiae Its posterior 
(Mlge, aK tirst free, cvcutnally unites with the integaanent of 
the body, behind the ])rancliial clefts, the union being com- 
pleted much earlier on the right side than on the left. 

In most niaimnals a similar fold of integument gives rise 




Fr- 


io or external cai*. 

^ Th(? hrancldal skeleton boars 

tlic same relation to the posterior 
visceral arches tlnit the hyoldean 
docs to th(*. second. When fully 
developed, it exhibits ossified lat- 
eral aix^hes, eonnected by median 
pieces, and, frequently, provided 
w'itli radiating a])peTulages wdiicli 
give support to tljc branchial mu- 
cous membra no. It is only found 
in those Vertebrata wlridi breathe 
by gills — tlio classes Idsces and 
J\rnphibia, In IIjc higlier Tcrte- 
braia^ the posterior of the two 
pairs of cornua, Avith vvhiclithe hy- 
oidean app.aratus is generally pro- 
vided, are the only remiiiiis of the 
bran chi al ske ‘1 e t( )n . 

Tile skull and face are usually 
syTmnetrlcal in rc^fereru'c to a mo 
dian vertical plane. But, in some 
Cetacea^ the bones about the ro 
^gioM of the nose are uma|ually 
(developed, and the skull becomes 
asymmetrical. Jn the Flalikslies 
{FknnyneelHla)^ the skull be- 
comes so completely distorted, that 
the tAvo eyes lie on one side of 
he body, w hich is, in some eases, 
he left, and, in others, the right 
skle. In certain of these fishes, 
the rest of the skull and facial 
bones, the spine, and e\'en the 
limbs, partake in this asyinnietry. Tiie base of tlie skull and 



Pia. 1 0. — ’'I'he slv nil of n I’ImIoo ( Platessa 
from abovo. Tho 
docVd )im; (/, b, is tlio true 
lo^U?ul median liiu*; (h\ Ot\ tin* po- 
sition of iJito two eyes in their orbits; 

A, ethmoid ; /V/J prefrontal; />*, 
left frontal; /rl, rifrht. iVontal; ./Vx, 
pariotaJ; NO, siipra-oceipital; J^p.Oy 
oplol ic. 
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its occipitMl region arc comparatively little atTected ; but, in tlie 
interorbit ill region, tlic frontal bones and tlie subjacent cartb 
iaginous, or nieinbranoiis, side-vviills ot the cranium are thrown 
over to one side; and, frequently, undergo a flexure, so that 
they become conv(*x toward that side, ami concave in the o]> 
posito direction. The jirefontal bone of the side from ivliich 
tlie skull is twiste:!, sends back a great process above t]i(3 eye 
of thiit side, which unites with tlie frontal bone, and tlius en- 
closes this eye in n complete bony orliit. It is along this 
fronto-{)rcfrontal bridge tliat the dorsal lin-rays mi ‘0 coniinued 
forward, just as if this bridge rcpresorilcd the niorphologic*al 
middle of the skull. (Fig. 10.) 

Tlie embryonic T^leumncctidm have tlie eyc‘s in tlieir nor- 
mal places, upon opposite sides of the lioad ; and tlic cranial 
distortion (jominenC(\s oidy after the iisli arc hatihcii. 

The jLppendictdar J^ndoskeleton. — The limlis of all veide- 
brated animals make their appix'iranoc as buds on em^h side of 
tlie body. In . all but fishes, tliese buds become (.livided by 
constrictions into three segriHMits. Of th(^S(\ the proximal is 
called braehkon in tlie fore-limbs, in the hind; tlio 
middle is antehrac/duni^ or crtis ; tlie distal is )na7ms^ or pes. 
Each of tliese divisions has its proper skeleton, (,‘oni|>oscM.l of 
cartilage and bom\ The proximal division, nonnally, con- 
tains only 011(3 bom*, os h fi})ierf\ or in the brachium, 

and ov fenna% in the thigh; tlie middle, two bones, 

side by side, 7*adJ.iis and ulna^ or iihla and Jlhula • tlie distal, 
many bomis, so disposed as to foi-in not more tlian five longi- 
tudinal scri(*s, except in the Ichtliyosaurla^ wliere marginal 
bones are added, and some of the. digits bifurfaiit^. 

The skeletal elenu'nts of the manus and p(?s arc divisible 
into a pioximal set, coiKstitiiting the carpus or tarsus * and a 
distal set, the dlyits^ of vvhidi tiierc are normally five?, nrileu- 
lat{3d with tlic distal bones of the carpus and tarsus. Eacli 
digit has a proximal hasiali<ptal {ifietaca.ipal or metatarsal) 
bone, upon which follows a linear series of pdadanyes. It is 
convenient always to count the digits in the same way, com- 
mencing from the radial or tibial side. Thus, the thumb is 
the first digit of the hand in man; and the great-toe the first 
digit of the foot. Adopting this system, tlio digits may be 
represented by the numbers i, ii, iii, iv, v. 

There is reason to believe that, wluaj least modifier!, tlie 
carpus and the tarsus are composed of skdetal elements 
which are alike in number and in arrangement. One of these, 
primitivel}’' situated in the tentro of the carpus or tarsus, is 
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termed the centrale ; on tlie distal side of this are •five mr* 
palia^ or tarsaiia^ whicih articulate with the several metacar- 
pal or metatarsal bones; while, on its proximal side, are 
three boncjs — owQ radialc or tibiale^ articulating with the radi- 
us or tibia; one %(lnare or JiJmJare^ vsiih the ulna or fibula ; 
and one intermedkirn^ situated between tlie foregoing. Car- 
pal and tarsal bones, or cartilages, tlius disposed are to be 
met with In some Amplvlhia and Chclonia (Fig. 11), but, 



Fig. 11. — Tlio loro-foot of the C’lielonian Oithidra, nod the Hght hind ‘foot of the Am- 
phibian Salaitunidra . — ulna ; /Aradlim; 7'“, libuh; 'T, tibia. 

Froximal oarpn! bones; v’, nidiale; in termed iiim ; ulimre; the cciitirdo iis the middle 

unlettered bone. 

Proxim.al taraal bones; /, tihialc; f, intermedin in ; fibularo ; centrale; 1, 2,8,4,.% 
distal corpulia and lurf^alia; i, ir, in, iv, v, tligibs. 


commonly, the iy|>ical arrangement, is disliirbed by the sup- 
pression of some of tliese element s, or tlufir coalescence with 
one another. Thus, in the carpus of miin, iho radiale, inter- 
medium, aud ulnare are represented l>y the 
and ciineiforme respectively. The phlforme i s sesamoid 
bone developed in the teiidou of the Jh%ror carpi nlnaris^ 
which has nothing to do with the primitive carpus. The 
centrale is not represented in a di.stiTU‘t sliape, having prolia 
‘ bly coalesced with one of the other (;!<mionts of the carpus. 
The fourth and fifth carpalia have coah^sced, and form the- 
single tmcifornie. In the tarsus of man, ihc astracjalus repre- 
sents the coalesced tibiale and intermedium; the caJeaneurn^ 
the fibulare. The 7Uiviculare is the centrale. Like the cor- 
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responding bonces in tlie carpus, the Iburth and fifth larsalia 
have coalesced to foi’in tlie euhokles. 

The Position of the JAmhs. — In tlicir j)riinitive position, 
the limbs are straight, and are directed outward, at riglit 
angles to the axis of the body; but, as develo}:)ment proecH'ds, 
tliey b('coTnc bent in such a njji.nrier that, in the first place, 
the middle division of ea(.*h limb is Hexed downward and 
toward the middle lim?, ujx)!! the pnjximal division ; wliilo 
the distal division takes an op|>osite bend u|)on tlu^ tniddh; 
division. Thus the ventral asjiects of tlie ontelox(rfuifm and 
crus come to look inwardly, and the dorsal aspects outwardly ; 
while the \ oulral aspects of the nerz/'ii/.s* and/>c5 look tloAvmvard 
and their dorsal as]^ec;ts look upward. AV’^hen tlie position of 
the limbs lias been no furtlicr alten'd than this, tlie radius in 
tlig autobracliimn, and the tibia in the crus, ai‘<^ turned for- 
ward, or tou ard tln^ head ; the ulna and llic libula backward, 
or toward tlio caudal cxtnuuity. Oii looking at these parts 
witli respect to the axis of the limb itself, tlie radius nn(l the 
tibia arc pri>axlaf or in front of the axis ; wliiie the ulna and 
hbula an? or behind it. Tlie same axis traverses 

tlie centre of the middle digit, and then; arc theredbre two 
])ro-axial, or radial, or tibia I digits; and two jiost-axial, or 
uluar, or iibular digits, in cacdi limb, dlio most anterior of the 
digits (i) is called 'polks\ in the manus; and hallux in the })cs. 
The sec'ond digit (ii) is the index; IIk? tliird (iii) tlie ntedius ; 
the fourth (iv) the enneidaris ; and tin? lifth (v) the on inhiius. 
In many Amphihia and IteptUia^ the limlis of the adult do 
not greatly de]:>art from this primitive position ; but, in birds 
and in mammals, further changes occur. Thus, in all ordi- 
nary quadrupeds, tlie brachium is turned backward and the 
thigh forwajxi, so lliat both ellxnv and Iviiee lie close to the 
sides of tlie body. At. the same tinu', tlie forr'arm is fU‘xed 
upon the arm, and tlie li'g upon the thigh. In Man a still 
greater chaijg;e pecurs. In tlie natural ei<*ct pfisture, tla^ axes 
of both arm and leg are parallel with that of tlie body, in- 
stead of bemg periKMidieiilar to it. '^^I'he proper vxaitral sur- 
face of the lirachium looks forward, and tlnit of the tliigh 
backward, while the dorsal surface of the latti'r looks forward. 
The dorsal .surface of the antcbraidiium looks outward and 
backward, tliat of the leg directly forward. 'IIk? doisal siirfaccv 
of tlie manus is exlerual, that of th<? pes, supei ior. Thus, 
speaking broadly, the back of the arm corr<;sponds wdth tlie 
frbnt df the leg, and the outer side of the h*g \v ith the inner 
side of the arm, in the erect position. 
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la a line drawn from the acetabulum to the foot is 

also, in the natural position, nearly parallel with the long- axis 
of file hotly. But. in attaiiiiag this position, the leg is bent 
at tlie knee attd turiu:‘fl backward ; the proper dorsal surface 
of tfic tliigii looking upward and forward, while the corre- 
sponding snrtiice of the leg looks backward and upward, and 
the ungual j)liaianges are turned backward. 

Tiie (‘Iiief niodilicalions of tlie inarms and pes arise from 
the e::ci\ss, or dele<d, iii the devc^lopnujnt of particular digits, 
atul from the manner in which the digits are connecled v'^’ilh 
one anoiluir, and with the carpus or tarsus, lu the leJdJiyo- 
srnirirc and THt^slosaana^ the thirties, the Cetaeea and tilreala^ 
and, in a less dv\gree, in the Seals, the digits arc bound together 
and cased in a eormnon sheath of inleguinent, so as to fonn 
paddki^^ in which tiiii several digits haco litt-h? or no motion 
on oiK^ another. 

The fourth digit of Ihc man ns in tlie Pl.rosauria^ and the 
four ulnar digits in the ikits^ a^e vastly elongated, to su[)port 
the web whiitli enables tliese animals to lly. In existing 
birds the two ulnar, or pf)st-axial, digits arc aborted, the 
metaearjials of the ser.Hind ami third ar(‘ anehyloscd together, 
and the digits tlnnnseUa^.s are enclosed in a, common iiitegu- 
meiitary sln^ath ; the third invariably, and ihc second usually, 
is devoid of a claw% The inetaearj)?il of the pollox is ancliy- 
losed with tlie otiuM'S, but the rest of that digit is fre{^, and 
frefjuently provided with a claw. 

jVniong tcri'<\strial niatnvnals, the most striking ».*n;inges of 
llie m:uins and pes arise from tln^ gradual nuluctiori in the 
number of the pen-fect digits from tlie normal number of five 
to four three {lUilitoccros) ^t\vo {most it anitiiaiit la) ^ov 

one {Mjuld('), 

The Pectoral and Pelric b irches, — The ]>roximal skeletal 
elements of eacli pair of limbs {humeri or femora) are sup- 
ported by a i^rimitively cartilaginous, pectoral^ or pelmo 
girdle, whi(.‘h lies external to the costal elements of the verb?- 
bral skeleton. Tliis girdle may consist of a simple cartilagi- 
nous arc (as in the Sliarks and Ihiys), or it uia be complicated 
by subdivisions and additions. 

The jioeA-oral arch may b.* comiocted with the skull, or 
with tlje vertebnil column, Ijy rmis(^les, ligaments, oi- dermal 
ossifications, though, primitively, it is perhxdly free from, and 
independent of, both ; but it is never united With the vert e- 
bne by the intermediation of ribs. At lirst, it consists of one 
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confciiiuotis cartilage, on each side of the body, distinguish- 
able only into regions and processes, and affording an articular 
surface to the bones or cartilages of the J3ut ossiffca- 

tion usually sots iip in the cartilage, in such a way as to give 
rise to a doi'sai bone, called the i^capula^ or slionlder-blade, 
which meets, in the articular, glenoiclal t'avity for tlie hu- 
nieriis, with a ventral ossification, terim'd liic comcohL 

By differences in the mode of ossification of tlie various 
parts, and by otiicr changes, that region of the primitively 



Fk;. 12.- Si<lc-vi<'\v cif tlio pocloral nr<’h an<l ptcrmim of a Li/iU’d tuhercxdota),-^ 

scapuhi; s-sr, .supra -.s<.:ui»ula ; or, oorfuroid ; f/A frlonoidal cavity ; s.t(>i-nujn ; 
xipliistiTiixuii *, tncsoscapid.’i; p <‘J\ prccoracoid ; mcsocoraooid ; e.cr\ opi* 

t'uracoid ; c7, vlavkio; i.t7, inU rcUivu'lo. 

OJirtilaginous pectoral arch wliich lies above the glenoidal 
cavity may be ultimately dividtMi into a scapula and a siipra- 
scapula ; Avhile that whicli lies on the ventral side may pre- 
sent not only a coracoid^ but a prccoracoid and an eplcorar 
cold. 

In the great majority of tlio Vertehrata above fislies, the 
coracoids arc large, and articiilat<? with the antcro-cxtcnial 
margins of the primitively cartilagiiKRis sterimm^ or breast- 
bone. But, in most mammals, tliey do not reach the sUu'mim, 
and, becoming ancliylosed with the scapula, they a})pear, in 
adult life, as mere ])rooessc.s of that bone. 

Numerous Vertebrates possess a claoiculaj or collar-lione, 
which is connected with tlie pre-axial margin of the scapula 
and coracoid^ but takes no part in the fonnatiori of the 
glenoid cavity, and is usuall}^ if not alwaj'S, a mcmlirane 
bone. In many Vertehrata^ the inner ends of the clavicles 
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arc connected A\dt}i5 and supported by, a median uvembrane 
bone wJiieli is closely connectiKl ^vith the ventral Lice of the 
sterrjuin. Tliis is the interclavieida^ frequently called epiMer- 
num 



Fig. II?. — Ventral view oi' the stornnni ami pectoral arrlus <4* liiuuiuj tHbfrcAdata, The 
loiters jifl in l‘J. 

The pelvic, li]<e the pectoral, arcli at first consist.s of a 
simple continuous cariilao-e on each side, wliicli, in Ycrtebraia 
higher than fishes, is divided by the acetcdrulurn^ or articular 
cavity for tlic reception of the heinl of the fcimn-, into a dorsal 
and a ventral moiety. 

Three separate ossificatioiivS usually talvc plat'.e in this car- 
tilage — one in tlic dorsal, and two in the ventral, moiety. 
Hence, the pelvic arch eventuallj’' consists of a dorsal portion, 
called the iUuni^ and of two ventral ('lernents, the/>w^M ante- 
riorly, and the uchiiun posteriorly. All these generally enter 
into the eoin[)osition of the acotaliuluni, 

Tlie ilium corresponds willi the scapula. In the higlicr 
Vertehrakt the outer surfac'c of tlie latt(‘r boiH? b(*conies di- 
vided by a ridge into two fossa'. The ridge, called ilie spine 
of the scapula^ frequmitly ends in a proinimuit process termed 
the acromionp^mi\ with this, in J\latnraalia^ the clavicle artic- 
ulates. In like manner, tlie outer surface of the ilium be- 
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corned divided by a ridg-e wliicli grows out into a great crest 
in Man and oilier Manmialia^ and giv^es attachment to mus- 
cles and ligaments. 

The isc.*/hium corresponds very nearly with tlie <.;oraeoi(l in 
the p(X-toral arch ; i he pubis with the precoracoid, mirI more 
or less of the epicoracoid. 

The pelvis possesses no osseous elemimt coiTes])onding 
with the (ihivicle, but a strong lig;untmt, the so-called 
paries lir/a/ncnl^ stndchos IVom the ilium to tlie pubis in many 
Veriehrata and takes its place, (khg. 14, Pp?^ 



Fic. 14 . — Si<to viow of the left CR ujnornitiMluin of Mun : //.ilium: /;«, ischiniii: pubis 

J, aceCibuSiin) ; ./X, iOnp irt'e 

On the other hand, the marstqjlal hone.H ot* certain mam- 
mals, which art', ossitications of the tendons of the external 
oblique mus<de.s, s{X?m to be unre[)resent(M in ihe pectoral 
anil ; wliilc tliere a{>pcars to bo ufitliing clthariy corresponding 
witb a steriuim in tlu? ptdvic arch, though tlie pryU'J<Hiad car^ 
tllage^ or ossicle^ of Lizards has much the same relation to tlie 
ischia as the stornnm has to the coracoids, 

V'ery gtmcrally, tliougli not iiuiversaJly, the ilia an^ closclv 
articulated witli the modified ribs of the sacrum, Tlie pub(.\s 
and ischia of opposite sides usually meet in a median v(mtra l 
Byrnphysis; but in all Tunis, ('xcept tlie Ostrich, this union 
doc?s not take |)]a(*c. 

77ie Limbs of Fishes. — The limbs of Fisht/s have an endo- 
skeleton which only imperfectly eorrevsponds with that of the 
higher Vertebrates, For while homologues of the cartilagi- 
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nous, and oven of the bony, constitiioiits of tlie pectoral and 
pelvic- arches of the latter arc traceable in Fishes, the cartila- 
ginous, or ossihecl, basal and radial supports of the fnis them- 
selves cannot be identitied, unless in the most general way, 
\>'ith the limb-bones, or eartilages, of tlie other Vertehrata, 

Tu its least modified form, as in J^epUlosirm,, tlie endo- 
skeletou of the Jish'^s lin is a sim 2 )Ie eartilaginons rod, divided 
into many joints; and articulated, by its ])i*oximal end, with 
the j)(,‘ctoral aieh. Tdie JUasmobrmicldi possess three haml 
(‘.artilagc'S which artienlate with tlie pectoral arch, and arc 
called, rosiiectively, from before liaclcward — propterygial^ m.c- 
sopteryglal^ and meUipUnn/y lal hasaUa, With these are artic- 
ulatc^d linear series of radial cartilages, upon which osseous, 
or horny, dermal fin-rays arc sujterimposed. (Fig. 15.) 

Among the Ganoid fishes, the fins of Polypterus are, fun- 
damentally, like those of t\\o Jdasmohranchii • but the ])ro- 
pterygial, nicso|)t<*rygial, and meta pterygia 1 Imsalia^ are more 
or less ossified, and are succeeded by a seiies of elongated 
radial ia^ which arc also, for the most j)art, ossified. Beyond 
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these follow some small additional radiaUa^ which remain car- 
tilaginous, a.Bd are cml)niccd by the bases erf tlie fiii-rays. In 
the other Ganoids the propterygial basale disapp<?ars, and 
some of the radialia, pusliiiig themselves between the ineso- 
pterygial and metapterygial basalia, articulate directly with 
the pectoral arch. The mesopt(‘rygial basale is (nnhraccHl by, 
and becomes more or loss iiico]‘porut(‘d with, the large ante- 
rior lin-ray. 

From these Ganoids the passage j.s easy to tljc 2i'/eos(et, 
in which, also, the mesopterygial basalts ahwiys bta*om(‘s fused 
with tlie anterior fm-ray, whence the latter seems io articulate 
directly w ith the shoulder-girdle. Four bones, ol very similar 
general form, usually articulate witli the ]>r<*t oral arch, be- 
neath and heliind the m<^sopt<a 3 gial basale and its iin-ray. 
At their distal cauls small cartilaginous nodules may lh‘, and 
these are embraced by the fiu-rays. Of these four bones, or 
partially-ossified cartilages, the lowermost, and liindtTmost 
answers to the metapterygial ba.sale of the Sliark; tlie (.>thers 
seem to be radialia, the figure of the I’ihe’s pectoral 

lin, infra,) 

The ventral fins have bfisal and radial (’.artilages and fin- 
rays, more or less resembling- (hose of flic forolimbs. 

In most Ganoids and TehK)steans the j)ectoral and pelvic 
arches arc, in ptirt, or comi)lid(‘ly, ossififal ; tlm former fre- 
(|uently presenting distinct scapular and cauacoid bones. I'o 
those, in all Ganoids Jind Teleosteans, mcmbnuie bones, rep- 
resenting a clavicle, with siipra^'latylcular and 
ossifications, are acldcd. 

In all Flasmobrunclis and Ganoids, and in a large pro[)()r~ 
tion of the Teleosteans, the ptdvic liiis are situalcul far back 
on th(' under side of the body, and arc said to lui “ ventral ” 
in position; l>ut, in other Teleovsteans, the ventral fins may 
move forward, so as to be ]da<*ed immediately behind, or even 
ill front of, the pectoral fins. In tlui iormer case they are 
said to be ‘Ghoracic,’^ in the latter ‘^jugular.” 

The Vertehrate Exo^kdeion, — The Exoskeldon never at- 
tains, in vertebrated animals, the functional importance which 
it so frequently possesses among the InfiuirtdjraUi^ and it va- 
ries very gr<?atly in the dc^gi'ce of its dev(h)pmcnt. 

The integument consists of two layers — a. su]K‘rfj(lal, non- 
vascular substance, the cpideinnii^^ composed of w hi<li 

are constantly growing and Timltijilying in tlie dc*eper, and 
being thrown otF in the siiperfieial, layers ; and a decj) vascni- 
lar tissue, the dermis^ composed* of more or less completely* 
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tbrmotl oonMootivo tissue. Au exoskeleton may be developed 
by tlie hardening ol* either the epidermis, or the dermis. 

qylderiiud exoskeleton results from the conversion into 
honiy matter of the superficial cells of ilic epidermis. The 
horny ])lates tlius formed are inoiilded upon, and follow the 
coiiti^’uration of, ar(‘te, or processes, of the dermis. AVlieii tlie 
latter arc overlapping- folds, the horny cpidennio investment 
is called a scale, squania. When the dermie ])rocess is papilli- 
form, and sunk in a pit of the dermis, the conical cap of mo<li- 
lied (j])id(?rmis which coais it is either a hair or nfeMlher, To 
bc'come a Ivair, tlie horny cone simply cloiygaics by continual 
addition of new ccdls to its l)asc ; but, in a featlier, the horny 
cone, whi(^h also elongates by addition to its base, splits up, 
for a great(?r or less distance along the middle line of it s undei 
surface, and tlien spreads out into a Hat van<^, sul)divided into 
beerbs^ barbules^ etc., by a further process of sjHitting of the 
primary horny cone. 

The opid(‘riiiis remains soft and didicale in Fishes and 
Aniphihhy in Tleptilia it sometimes takes the form of plates, 
^vhicli att^iin a great size in many (Jhelonia ; sometimes, that 
of ovan-la})j)ing- scales, as in Ophldla and Ijacertilla q 

but, sometimes, it remains scift, as in some Ohelonia and in the 
Cliamieleons. Ej)l Jennie phites in tlie form of nails appear 
upon the terminal piialaiiges of tlu^ limbs. 

All A.res possess feathers. In addition, the beak is partly 
or complelelv enshcathed in horn, as in some Jlepttlia, Corni- 
fied epidermhi tubercles or plat(?s are developed on the tarsi 
and toes, tlie tmaninal phtdanges of which (and sometimes 
those of the wing) have nails, llesides these, some birds pos- 
sess spurs, which are eiisheathed in horn, on the legs or 
wings. 

In MayyioiaUfi^ the 1 1 or ny c\i>skeletou may take* all the 
forms alrcadj" mentioTjed, except that of featluws. In some 
(Jetama it is almost absent, being reduced to a few hairs, pres- 
ent only in the f etal s^tabi. The ikiugolin [Manis)^ on the 
other haiul, is almost completely covered with scales, the 
ArmAadillos w'th plat<?s, and most terrestrial mammals with a 
thick coat of hair. The gnaiter part of the mass of tlie lu^rns 
of Oxmi, Shec}!, and Antelopes, is due to the epidermic sh(‘ath 
which (hovers the bony cone \yhe.re the homy epideriiiis be- 
(jomes very ihiik, as in thc‘ hoof of the Horse, and in the horn 
of the lihinoceros, numerous long ]ia] idle of the dermis extend 
into it. These papillm, liowevtT, are comjiarablc to the ridges 
of the bed of tlie nail, not to the papillie of the hairs. 
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mixe dermal exoslceleton arises from tlie liardening* of ilie 
clemiis ; in tlio majorit^’^ of cases by tlic deposit of })one-oartli, 
in more or loss compiotolv-formcd coiieectivc tissue, tliouii^h 
tlie resulting hard tissue has by no means always the struct- 
ure of bone. It may happen that cartilage is developed in tJic 
dermis; and, either in its primary state or ossified, gives rise 
to exoskeletal j)arts. 



I'lG* 1C. — A, oiitliiio of a Tike (/Ao.r), to f-liow tho /Ins: I\ iwOonil ; V. vi‘ii<r:il ; /f, .'irial; 

e’, euiitlul ; />, dors.'il, iiiiR. p/'., ojH'iruUiin; prt ojMTCiiiiim ; briUiciiiojjtceg'iU 

roys. — li, >sc‘;i)< s or the <lcrma{ e.voskeleton of llu' s.iiiie li.sl). 

No dermal exoskeletoii (exc/^pt tluit of the fin-rays) is found 
m tlie lowest iislics, Aniphioxus and the J 7 (Yr 67 ^)o/>r<:/ncAu’. lu 
most Teleostet^ the integument is raised up into overlapping 
folds; and, in those, caicilication takt'S place in lamina*, of 
which the oldest is the most superficial, and lies immediately 
beneath tin* epidermis. As a getieral rul<*, the calcilicd tissue 
of the scale,” thus formed, do(‘S not possess the structure of 
true })one ii:i the TdcosteL Jlut, in other fishes, the dermal 
caicilication may consist of true bone (as in the Sturgeon) ; or, 
as ill the Sharks and Kays, nny^ take on ihe structure of teeth, 
and consist mainly of a tissue exactly comparable to dentine, 
capped with enamel, and continuous by its base with a mass 
of true bone, wlnf?h takes the jilace of the crusta jmtrom^ or 
cement of tlie teeth. 

A form of dermal <*xoskelctoii, wliicli is pecaillar to and 
highly characteristic of fishes, is foiiml in \]\c Jr/MY/ps, Tlieso 
are developed in the inlcgnment either of the meflian lino of 
the body, or in that of the limbs. In the former case, they 
usually enter into, or support, folds of the integinnent which 
are termed dorsal^ ewtdaf., or anal fins — ac(*or(ling as they lie 
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in the dorsal ro^^ion, or at the extremity of the body, or*on the 
ventral aspect, behind the anus. Ordinary hn-rays are com- 
posed of a Iioi nlikc*, or more or less calcilicd, substance, and 
an^ si in j)lo at tJie bast', ]>nt become jointed transversely, and 
split up lon;;it udinaliy, tv)\vard their extremities (Fig. 6). 
Fatdi fin-ray consists of two nearly equal and similar parts, 
winch colant? by their applied fact^s for thcj grenter part of 
their extent ; but, at tho l)ase of the rays, the lialves commonly 
diverge, to (anbrace, or more or less completely coalesce with, 
cartilaginous or ossia)us eleiiumts ot the exoskeletoii. In the 
median lins, ihest^ are the interspmoifs cartilages, or bones, 
which lie between the hu-rays and tlic superior or inferior 
s|)iiK‘s of tbe vertel)ra:\ In llic pairt'd tins, th(‘y arc radial or 
])asal, cartilaginous or osst'ous, (‘lements of the endoskeleton. 

The AnipliUna in gcnta’al are devoid of dermal exoskeleton, 
but; the (Jwclllm have scales like those of lishes. Ceratoj^hri/.s 
has plates of bone dcveloj>ed in tho dorsal integument, which 
s(^oin to foresliadow tin? plates of the (*arapacc of tiie ChMonia^ 
and the extinct Tiabyrinthodonls poss(‘ssed a very remarkable 
ven ( ral exoskcleton. 

The Ophidia have no dermal exoskeleton. Jlany Lizards 
Jiavo bony dermal plates corresponding in form and size with 
the epidermal scales. All Crocodilm have sucli Ixjny plates 
in tho dorsal region of t he body and tail ; and in some, such 
as the Jacarcs and Caimans, and the extinct leleosaurla, they 
are also developed in tlie ventral rc'gion. In these animals 
thei’e is a certain coiTCspondenco between the segnitmts of the 
exoskcleton and those of (he endoskehdon. But the dermid 
exoskcleton att.ains its greatest development in tho Cludonia^ 
and will be particularly described uud<;?r tlic liead of that order. 

In the the* de\ elopiuenfc of a dermal exoskel<?ton 

is execiptional, and o(*<'urs only in tluj loricatcMl Kihniaia, in 
wliicli the dorsal region of the head and body, and the v\hoh^ 
of the tail, may be covered with shields of dermal bone. 

In connection with tlie dermis and epidermis, the glandu- 
lar and pigmentary organs of tho integamerjt may be inen- 
tioned. Integumentary glands <lo nut appear to exist in 
Fishes, but they attain an immense development in some of 
the Amphibia, as the Frog. Among Meptilla, Lizards fre- 
(|uontly present sucli glands in the femoral and cloacal regions ; 
and, in Crocodiles, integumentary glands, which secrete a 
musky substance, lie beneath tlie jaw. In Birds they attain a 
considerable size in tlie uropygial gland ; and, in Mammalia, 
acquire a large dcvelopaient in connection with tlic sacS of the 
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hairs, oi' as independent organs, in the form of sweat-glands, 
iniisk-glands, or maininary glands. 

The color of the integument ina}’' arise from pigment- 
granules, deposited either in tiie cpidennis or in the dermis ; 
and, in the latter case, it is sometimes contained in distinct 
chroinatopliores, as in the Ohauicvleon, 
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TflE Afl SCI.KS AND THE YISCEEA A GENERAL VIEW OF THE 

ORGANTZA'I'TON OF THE VEiri'EBKA'rA. 


The iHuseulnr sy.stcin of the Vcriebrata consists of muscles 
rciritod ])artlj to tJic exoskekdon^ P*^**^^' eiicloskeleton, 

and |)artlj to thc‘ viscera, ami formed both of striated and mi- 
striatiid muscular fibre. The latter is couruied to the vessels, 
the visc(Ta, find the inlog*uincnt ; the parts of the endoskelc- 
tori Ixu’ng ruoN (m 1 upon one anollier exclusively by vStriatod mus- 
cular fibre. 'Tin; muscles of tlui endoskeleton may bo divitlcd, 
like the endoskeleton itself, into one system appertaining* to 
the trunk and head, and another belonging* to the limbs. 

IVid Muficidar System of the Trunk and Head . — This eori- 
sisls of two p)ortions, which difTcr fundaTncTilally in theii 
origin, and in their relations to the endoskeleton. The one 
takes its oj igin in the j)rolovertebrie ; each piotovertel.)ra be- 
coming* diniu’cntia ted, as w*c liave seen, into three parts ; a 
spinal gaugiiou and a segment of the vertebral endoskeleton, 
ill the same pilanc, and a more supci hcial sheet of muscular 
tlbr(*s. 'Hiese miiscidar libres are consecpieiiily situated above 
the endoskcletoTi, or arc? episheletal. Other muscular fibres arc 
(]<n'olo]>ed Ixdow the cmloskeloloii, and may be termed hypo- 
skeletal musclc's. The hyposkelefal muscles are separat(^d fnan 
the epiiskf^leial, not only by the endosk(‘leion of the trunk (or 
tlio vei'leliiiu and their prolongations, the ribs), but by the 
ventral branches tlio s])inal nerves. 

As the ej>iskeleta] muscles arc developed out of tlie pirolo- 
'Veriebnu, they necessarily, at tiist, present as many segments 
as there are vertebne, the inicrsjxaces between them appearing 
as intern ruse ukir septa. Tlie (kn clopment of tlu^ hy])oskeletal 
muscles bas not been worked out, but it a]>pears to take jdace 
much later than that of the episkeletal sot. 
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In the lowest Vertehrata — as, for exam})le, in ordinary 
fishes — the chief muscular system of the trunk consists of the 
episkeletal muscles, wliich form tliick laUu-at masses <.)f longitu- 
dinal fibres, divided by transverse intenruiscular septa into 
segments (or jMyotome-^) corresponding Avitli tlie verlebia^ 
The lateral muscles meet in the middle line below, aial divide, 
in front, into a dorso-lateval mass connected with the skull, 
and a A^ontro-lateral attached, in part, to the peetoial arch, and, 
ill part, continued forward to the skull, to tlio liyoidean aj)pa- 
ratus, and to the mandible. PosUn’iorly, the lalora) nnis(‘los 
are contiiiucd to the extremity of the tail. Tlu? liyposkeletal 
muscular system ajipears to bo undeveloped. 

In the liigher Vertalmita^ botli the <'pisk<dctal and hypo- 
skeletal muscular systems are represented by considerable 
numbers of ’ more or less distinct rnusch's. The dorso-lateral 
division of the lateral muscle of the tisli is i(‘j>reseuted by the 
superior caudal muscles, and by tlie crcrfor spinw. ^ whicl), as 
it splits up, anteriorly, and becomes attached to the A'ertc'bra*, 
and to the rilis, and to the skull, acquires the names of Hjyl- 
nallSy sernhpinalls^ loripis.^mrus c/er.v/, saeroh/rnhaUs^ iidei'- 
tranfiversalis^ levatorcs co.^tarvn)^ cornpkxNS^ sjdcniiis^ rcctl 
2)0sti(ii^ and m:*?/ lat€r(ih s. 

The ventro-lateral division of the fish’s lateral muscle is 
roprosent('(l, in the middle line of the trunk and ht‘ad, by a 
series of longitudinal muscles ; aud, at the sides, by oblicjuely- 
directed muscles. Tlie former arc iho m'/i exteud- 

11 ig; tVom the peh is to the sternum — tlie sfe7'no-7t}pndeiy be- 
tween the sternum and tlie hyoideau ay>paratus — the [jano- 
hyoidei^ which pass from (he hyoid to tlie synqihysis of the 
mamliblc. The latter are the (Mlqui eMend of the abdomen 
—the extei’iial hitiwcostales of the thorax — the mdjclavius 
stretching from tlie first rib to the clavicle ; the i>(ujle)7i from 
tlie anterior dorsal ribs to the cervical ribs ami transverse 
processes, and the sterno- anil clcido-masloidci from the ster- 
num and clavicle to the skull. 

The fibres of all tln^se olilique inus(‘les take a din^clion, 
from parts Avliieh are dorsal and anterior, to oth(;rs wlucli arc 
^icntral and posterior. 

The trunk muscles of the lower Ampldhia exhilht arrange- 
ments which are transitional between those oliserv ed in Wishes 
and that wlmdi has been described in Man, and whicJi substan- 
tially obtains in all abranchial Yertehrata, 

The muscles of the jaws and of Ihe hyoidean apparatus 
appear to be, in part, episkcli^tal, and, in j^art, hyposkeletah 
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Tlic inaridiblo is depressed a inuscle, the digastric^ arisiti;:r 
from the. siciiM, and supplied by a branch of the seveiitli nerve : 
it is raised by a niuscular mass, winch is separabhj into mas- 
setei\ teaipora!,, and pU^rtp/oid mnseles, according- to its con- 
uoctiou with th(j maxillo-jnga .1 bones, tlio sides of the skull, 
or the j):dato-pterygoid bones, anrl is siijjplied by the fifth 
nerve. 

The ])i‘opcr facial musedes b(dnng to the systoni of cntanc' 
ous museles, and r<>ccive branches from tile se^ (Mith nerve. 

The liyposkeletal system is formed, partly, of loiigitudiiicd 
muscles Avhicli underlie the vertebral e-olumn ; and partly, of 
more or less obIi({ne, or ennm transverse librf‘s, wliich form tlic 
iimerniost mnsj-uhir walls of the thorax and of tlu; abdomen. 

Tlu^ former arc the snbcandal iiitiinsic flc'xors of the tail ; 
the pprlf(>rmlsppsr>as^ and other musedes [)nme(MUng from the 
interior fa(^os of the vertebrae to tlio hiiul-limb; the lonipts 
eoUi^ or intrinsic tlexor of the anterior part of the vert(*bral 
column ; and tlui nn^tl capUls antlcly or flexors of the head 
\ipoii the vertebral column. The latter are the obllquus la- 
terrais of the abdomm), the fll)ros of vvliich take a direction 
crossing that of the external obll(|ue muscle; mid the 
versalls^ whic-h li(.*s innermost of the abdominal muscles, and 
has its fibres transverse^. In the thorax, the lntej\x>stalcs hiterni 
continue the direction of the inlernal obliques, and the trlayipu- 
laris stanii that of the traasrersalls, Tire dlapltnupn and the 
levator aai must also be enumerated among the hyposkcdetul 
musedes. Tlie hypo.slccdefal musedcs of tire posterior moiety 
of the borly attai]) a great development in those V^ertebnUa 
whicli liavtJ no hind-limbs, sncli ixs^'OpJddia and Cetacea. 

The Mascular i^ystem of the Limbs , — The inustdcs of the 
limbs of Fishes are vcm'v simple, ennsisting, on eaeh face of 
tile liml^, of bundles of fibres, width jiroccaxl (usually in two 
layers) obliquely, from .tlie (duviele and siipraelaviclc to tlie 
fin rays. ^ Tim jiectoral and pcdvic arc.hcis thoTiisclves are iim 
bculded 111 the? lateral musedes. 

In tliti Amphibia and all the higher VertehrtUa^ the muscl(>s 
of the limbs are divisible into — hitrinsie^ or those which take 
their origin within the an.-domical limits of the limb (inedudi ng 
th(* poctond or j^edvic arch) ; and e.rlriasic, or those Avliieh 
arisen outside tlio liml). 

Supposing the limb to ho extended at right angles to the 
spine (its prindtiv^o position), it will present a dorsal aspect 
and a ventral a-speet, with an anterior, or pre-axial^ and a po^ 
ter tor, or pasta ixial, side. 
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In the VerteJyrata above fislies, the following^ rrms(;](is, wliich 
occur in Mail, are very giuicrally ro])resent<:*d ; 

JiJxtrinsic m uscle^^ attached to the pccUmil and pelvic arches^ 
on the dorsal as/?ec(, — In the Ibre-liinl), tlic cleidomastoldens^ 
from the poslerolatoral rep^ion of the skull to the clavicle ; the 
trapG?:ms^ from the skull and spines of luanj^ of the vertebne 
to the scaj)ula and clavicle ; tlic rhoinholdei^ from tljo spines 
of vertebne to the vca’tc'bral edgx* of scapula, beneath the 
fon*g‘oing‘. Somctinies ihra*e is a tracliehnfcrornialis^ from tlici 
transverse piocosses of tlie cei'vieal vertcbrie to the scapula. 

On the ventral aspect^ the Sfdjcla/vius^ wliich passes from the 
anterior rib to the clavicle, may be regarded as, in part, a mus- 
cle of tlui limb ; the jjectoralis minor ^ from the ribs to the 
coracoid. 

Between tlic dorsal and the ventral asjxa l.s muscular filaes 
arise from the cervical and dorsal ril)s, mid pass to tlie iimm* 
aspecjt of the v(n*tel)ral end of the scapula : anteriorly, t hese arei 
called levator anfpdl scapalm ; postin’iorly, serrafns niaf/nus. 

An omohyoid muscle frcquentlj^ connects the scapula with 
the liyoidean arch. 

dlie posterior limb do<*s not seem to oOer any mus(de.‘s ex- 
actly homologous witli the for(‘going. So far, howener, as the 
recti abdominis^ the ohliqims exter7ms^ and the fi!>res of t;ho 
erector spina\ arc attai^hed to the ])elvic girdle, thc^y cor- 
respond in a general way with the prc^-axial, or pr()tractor, mus- 
cles of the pt?ctoral arch ; and the- ischio-coc^cv geal muscles, 
when they are developial, are, in ndatiou to the p(dvic arcdi, 
rcti’actors, theiigli, owing to the j'elative tixity of the' pelvis, 
they act in protracting, or flexing, the caudal rc^gion. 

The psoas oninor^ proceeding from the under surfa(X\s of 
posterior dorsal (or lumliar) verteVira? to the ilium, or pubis, 
is a j)rotract(W of the |>elvis, but, as a hyposkidetal muscle, 
has no liomologue in the fore-limb. 

JtJxtrinsie 7/ii(sc/es attach rd to the humerus or femia\ on 
the dorsal aspect, — In tlu^ fore limb there is the post-axial latis* 
simits dorsi passing from spim^s of dtirsal verted me to tin? 
humerus. On the veyitral aspect^ jyector alls major extends 
from the slerinim and ribs to the humerus. 

In tlic hind-lirnl), tlic yliitaus maximus^ so far as d arises 
ft‘oin the sacral and coccygeal vertebra?, and is inscr/x’d info 
the femur, repeats tlie relations of the latissinif/s dorsi. In 
the absence of any thing corrospc aiding with tin? st('rriinn, or 
the ribs, no exact homologue of tlio pcetoraUs major can be 
said to exist, thougdi the qjcctlneus comes near it. Idie 



48 


THE ANATOMY OF VERTEBHATED ANIMALS, 


passing from }><)stei'i(>r dorsal or linnbar vertelAix) — the 
pijrifonnls from sacral vertebra' — (he fcuioro-coccyijeuH (wlxm 
ifc exists) from candal vortebne — to tlx? femur, arc all bvpo- 
skeletal tiiuscles, witlioul boinologues in tlic anterior exlreinity. 

All tlie other muscles of the limbs are intrinsic^ taking* 
their origins, from the pectoral or jadvic arches, or from »soine 
of the more proximal segments of tlie limb-skeleton, arid hav- 
ing th<ur insfirtiou in llic more distal segments, They are 
-tlius arranged in Man and tlie Iiiglier Ma mtucdia : 

Jnirlnslc muscles proceed huj from the pectoral or pchde 
arches to the Jmmemis or femur ^ on the dorsal aspect , — In the 
fore-limb, the deltoUles j>roec(>ds frf>m the clavielo and scapula 
to the humernwS. This superficial slionlder-iniisclo continues 
the direction of the fibres of the trapezJ us * and, rvlien the 
clavicle is rudimentarj, the adjacent portions of tluj two rmis- 
ch^s coalesce into a (.uphedodtuineraUs mnsclo. 13eneath the 
(hdtoid ilx3 suprei-spinatuSj on the pre-axial aida of the S]>ino 
of tlie scapula ; the iif xc-splriatusj and the teres nfe/Jor and 
mlnory on its post-axial side, rim from the dorsal aspect of the 
scajmla to that of t1i<^ liead of lh(i liumerns. 

In the liind-iimb, tlie Avhich passes 

from that ])art of tbe ilium wlu(‘l» corresponds with the spine 
and acromion of tlie scapula, to the femur, apptxirs to answc?r 
l)etter to tlu* deltoid tiian does llie f/lufa us majx'nrus^ ^vhi(‘h, 
at fii’st sight, would seem to be the liornologue of tbai muscle. 

'!i'hc iliacus^ proceeding from the inner siirfac(‘ of the crcist 
of the ilium to the smaller trex-liantxn-, ans\v('rs to the supra- 
sphiatus ; tlu^ e/latec'tcs medhis and rninhnus^ wliich arise from 
tl>e outer surface of tlie ilium, to the irifra-splnatus and teres. 

In tlie fore-limi), a muscle, tlie sidmx//ndar/s^ is attaclxal 
to the inner face of the scapula, and is inserted inio the hu- 
merus. jNo muscle exactly coiTcspomling with iliis appjcars 
to exist in the liind-limb. 

On the veotral aspect in the forc-liinb, the ceo’aeohreiclnalh 
passes from the coixicoid to t he humerus. In the. liiml-lim]), a 
number of mus<'les ])roceed from the corrcisponding (ischio- 
pubic) })art of the pelvic arcdi to tlie femur. These aie, from 
tlie oulei' surface of the pubis, Wia ]H:ctlneMS^ and the great ab- 
ductors of the femur ; with the obturator esternus^ from the 
outer side of the ischiopuhic fontanelle, or oliturator membrane, 
Tlie (femelll and the quadratus femorfs take their origin from 
the ischium. 

No muscle is attached to tlie proper inner surface of the 
ilium, so that there is no liomologvie of the subscapularts in 
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the liiu'Mimb. On tlie other h.iiul, a muscle, tlie obturator 
internus^ attached to the inner surfa(^c of the isehiopubic fon- 
tancllc, aiul windiiiir round to the hniiiii*, lias no iiomologiie in 
the ii|)per extremity ot the liig'her Veriehrata^ nnless it be the 
so-called corw^obrarJualis^ wdiieh ai-ises iVom the inner surfiice 
of the coi’acoid in many ^aarop^ida, 

Mmdes of the jhdebrarjdani ajid — On the dorsal 
aspCAd of the fore-limb, as of the liiiid-linib, certain muscles 
arise in part fi oni tlie arch, and, in ]:>;iri, from the bone of the 
proxinial seg-inrmt of the liml), ami ^-o Pi be inserted into the 
two bones of the second segment. Tliese are, in the fore- 
limb, the triceps extensor and tlu.^ supinator brer Is ; in the 
hind-limb, tlie <]u<idricepH extensor. 

Tljorc is this dillereu<‘e betwnx'in these two homologous 
groups of muscles — that iu the fore-limb, the jirincipal mass 
of tlie muscular fibres got'S, as t)io triceps^ to be inserted into 
the posi-a\ial bone (ulna), ami tlu^ less ]>oriion, as supinafor 
brevis^ into the ])ncuxial Ikuk^ (radius); wlnnaris, iu (he hiud- 
limh, it is the other way, ahnost tlie whoh; of tlui muscular 
fibres passing', as the f/nadrleeps^ to the [)i'o-a\ial bom? (t ibia), 
the tendon conmvnily d(‘C(‘l()]>iiig’ a si^sainoid patella; while? 
only a fov libixis of that division of the ^juadrleeps \vhich is 
calh?d the east ns externus'''* pass It) tlie [lost-axial bone 
(titmla). 

On the rent rid aapixt^ tlie fon^-liml) |)i'r;scmts tluxa? mus- 
ch's, arising citli(*r from the p<?cl:orai arch, or iTom the liunui- 
rus, and insi?rtcd into tlie two bom‘S of tlci forearm. On the 
pre-axial side arc t^vo muscl(;s ; one d(>uble-hea(le(l, the 
arising from tlni scapiiha. and the cora<?oi'l, and iusertcil into 
the radius. A second, tlie supinator lono/Hs^ passes from tin? 
humerus to the radius. On the post-axial sid(?, the brendilalls 
antlciis aristas from tlie humerus, and is insci ted into the ulna. 
The hind-limb lias two muscles, tlie arising from the 

ilium, and the e/raellls. from the pubis, in place of the biceps 
brachil.^ and inserted into the jire-axial bom?, the tibia,, wluch 
c?orrospomls with the radius. Two other musides, the seml- 
tnembranosus and semldenidlnosus^ pass from the ischium to 
the tibia, and replace, without exactly repi'eseuting, tlie su- 
pinator longus. Corresponding with the brachleiUs aidlcus 
is the short head of the A', arising^ the iV?rnur‘, 

and inserted into the post-axial bone of the leg, tlie filiula. 
The long h(?ad of tlie bleeps femor Is ^ wlii(?h proce(?ds from the 
ischium, appears to luive no representative? iu tlie foredimb. 

In the fore-limb, a nuis<ile, the ynauiator teres^ passes ob- 
3 
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liquelyfroul iluj ]>osl;-nxia] condyle of llio Inaiicru.s io4he radi- 
us. In liind-limi), a, corn's] )ond in imiscle, the 
]>ro<‘(‘eriS from tiio pusl-axial criiulylo of the femur to the tibia. 
Tlie irroiiatnr (piadrala^^ whicli [>as.ses from tlio iilua to tlLO 
radius, has its aualoo'ue, in soiia/ ^f.armjyUtlia and JveptUia^ 
in muscles which (‘xtend fn)m tin* filaila lo tlie tibia. 

Y7/C dln-.^clvs of Uu' — The r<uiia in ing' muscles c>J' (lie 

two liinl)s are, laimarily, irmscles of tlic digvits, and are at* 
tatdmd either to iJif? ha.si-dig*i<al (ni(‘bicai|)al or metatarsa]) 
bones, or to the phalanges, tliongh they may acquire second- 
ary connections wiiJi bomrs of tin-' tarsus or car]ms. ItiO 
plan iipr>u which tlu'v are ai*rang*cd, wlien they are most com- 
pletely developed, will lie best. nnd<'rstood by eommemang 
with tlie st-iidy ol' tlioir insertion in any one of those digits 
wliicli possesses a coinphdai set; such, for example, as the 
fifth, digit of tlie maiius, or little linger, in .Man and tlie higlier 
.Pj'U/iaks\ 

On the ilor.sr/l aspect tliis digit pi-esenls : lirst, attacln'd to 
the base of its metacarpal bone, the tr'iulon of a distinct inus- 
(xle, t he extensor carpi aln.arls. JSi'condly, spreading out over 
the phalanges into an ajioneurosis, whieli is principally at- 
tached to the lirst and second, is a tendon Ixdonging to another 
muscle, the extensor rninluhl dajltl. Thirdly, entering tlie same 
expansion is one tendon of tln^ extoisor comniunls dlgltoram. 

On the ventral aspci-t tln.'re are; lirst, attaclu.'d to the base 
of tlio iiK'tacarpal, tlio tendon of a distinet nuiseJe, the Jlexor 
carpi id nans ; secondly, arising from tlie sides and ventral fa.ee 
of the me(;ac!ir])al, and iuserteil into ('it her side of the base of 
the ])roximal phalanx, two museh's, th(^ Inft rossel ; thirdly, 
inserted into the sides of the middles phalanx by two slips, a 
tendon of tlux Jlexor perjoreitus ; and foinilily, ])assing be- 
tween those two sii])s, ami inserlt'd into the basc^ ot’ (lie distal 
pVialanx, a tendon of t in' Jlexor perforans. Tims there are 
sponial depressors, or ilexors, for ('acli si'gmcnt of tlio digit. 
There ap|)eai*, at lirst, to )>e but iln-ee eh;vators, or oxtensoi’S, 
but, pnu'tically, I'ai'h segment has its (‘levator. For the teii’ 
dons of the extensor co/nafanis and extensor iaiiiind dUf itl are 
attaeli(.al to tin*, middle and (he proximal pli:danga\s ; and the 
distal phalanx is s[K'ciaiIy ('hnudcMl by the tendons of two lit- 
tle musek's, whh-h, in Alan, are nsnally mere subdivisions of 
the interossei^ and pass ujiward, joining the extensor sheath, 
to be llnally inserted into the distal phalanx. 

The fifth digit of the pcs, or little toe, sometimes prosonta 
the same disposition of muscles, namely : 
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On the dorsal aspect: lii-.st, tlx? pferona/us lertlus for the 
motatarsMl bone ; scx-oiidly, one Iciidoii iVoni the c?*tensor dUji- 
torn) a brer Is, but tliis hjst is connuoniy absent in Man ; iLird- 
ly, one teuuoii tVoni the extensor dlrfltorani. lonpus. 



Fic. IT. — Part of tlio iiiMJlo dlrdt of fVio ninntis of an Oranir 'vHli the; fi(*vors atkI oxteDSors 
of tho Jthuliifijjfos : iiicp.^ iiiotaoarpiil hone; /'/r. 1, /Vo 2, ./Va. .S, tiu; three phalaiij,o\*f;; 
K.r(. 1, lh<; deep ion;^ <!\ten.sor tVoni tlio t:rt<-ns(/r iiufJeh; 2, I ho Riij»erti- 

cial loner evtrnsor temlon tia>fn1li(w'r/r«.vOA’(“/>o/;/rje/A/.v; / a, the interossroii.s short ox- 
tensor: the interosseoiis short flexor; ./C p/hs.. the (leop loiijr th'xor F. 

//As'., the suiMirficial ione; fh.'xor {pei'/ffatnC). 


On the ventral aspect : (irst, {\\o 2>ero)ams brevis, altaeliod 
to the ));es;‘ (d* the inetatarsa] ; sticondly, two interossel ; 
thirdlth a, [^jt-forated He^or; ainl fourthly, a perforatiui!^ flexor, 
like tiiose of tlie luanus. The divisions of ilie rnterossel, 
Avljicli scud tendons to the. cxtfnisor slieatlt ot\ tlie dorsum of 
the d ignis of the foot in Man, are Itardly distinct froiii the ven- 
tral divisions of those muscles. 

In addition to tlie innscles whieli have iKnni meiitioncal, the 
fifth digit lias an aheluctor and an addactor, which may be 
regarded as subdivisions of the interosscl, arising Avithin the 
inaniis or pcs, and inserted into opposite side.s of tlie proximal 
phalanx; and an o])po)iens^ a muscle attached to lln? ventral 
lace of the carpus or the tarsus, and inserted into (he post- 
axial edge of 1hc‘ shaft of the metacarjAuI or- melalarsal. 

Finally, a, lumhrlcaUs muscle proccfals from the tendon of 
the perforating* fl(^xor, on the prc-axial sifhi of lie; digit, to 
the extensor sheath. 

None of the ot her digits of the man us, or of tlu^ pcs, lias a 
greater number of muscles than this; in fact, all tlie others 
huA^e fewer muscles, some of those enumerated being sup- 
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pressed. What are often regarded as muscles specLal to man, 
snoli as tlie extensor hidicis and extensor minimi 

digltl^ are only remains of muscles aa hich are more fully de- 
veloped in lo\v(.‘r mammals, and send tendons to all four of 
the ulnar digits. 

Only the ]:)ollex has an opponens.^' Only the pollcx and 
hallux have addiietors utuI ahcliicteyrs. Some of the digits 
lack one or of the ventral, or of tlie dorsal, muscles. 

The corres])ondcncc between tlie muscles wljich liave btHm 
mentioned, at their insertion in tlie digits, is clear enough, 
but some diiricnUies present themselves when the musck;s are 
traced to their origins. 

In Man, the ilexors and extensors of the digits (except the 
interossei) of the fore-liinb ari*se in part from tlie hnmerns, 
and in }>art from the bom^s of the forearm, but not within tlio 
maniis. On the contrary, none of the ilexors and (^xtensors 
of tlie digits of tlie pes arise from the femur, while some of 
them arise v ithiu the j)es itself. The origins of the muscles 
seem to lie, as it were, higher up in the fore-limb than in the 
liind-liml). jSevertholess, several of the musch's correspond 
very closely, Tlius, on the dorsal aspect, tlie extensor ossis 
metaearpl polllcis passes from the post-axial side of the proxi- 
mal region of the antidirachiiun obliqucdy to the trapc/.inm 
and the metacarpal of the pollex, just as its homologiie, the 
tUnalis antleus^ passes from tlie post-axial side of the upper 
part of the leg to the entocuneiform and the base of the me- 
tatarsal of the hallux ; the two inusdcs correspond exactly. 
But the extensors of the phalanges of the pollc^x, and the deep 
extensors of the other digits of the manus, arise on the same 
side of the antebrachiuTn, below the extensor ossis mctacarpi 
pollleis ’ wliile, in the leg, one of the deep extensors of the 
hallux, and all those of the other digits, arise still loAver 
down, viz., from the calcaneuin. 

Not less remarkable is the contrast between the more 
superlieial sids of extemsors in iluj two limbs. In the fore 
limb, proceeding from tlie pre-axial to the post-axial side, the 
following extensor muscles arise from the external or pre- 
axial condyle of the ljuinerus ; the exfe/(sor eorpi radlalls Ion- 
gus to the base of the second inetacar]ial ; the extensor carpi 
radialis brevis to the base of the tiiird metacarpal ; thec.r^c/?- 
sor commimis digitorwn to the four ulnar digits ; the exten- 
sor rnlnimi digit i to the fifth digit; the extensor carpi id- 


* 1 liave seen an opponens in the hallux of an Orang. 
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naris to flic base of the fifth metacarpal. In the hind-limb, 
there are no hoinologues of the first two of these muscles. 
The homologue of the (^tensor commiinls is the long extensor, 
which arises, not from the femur, but from the fibula. The 
peronams passing from the dorsal face of the fibula 

to the fifth metatarsal, is the only representative of the exten- 

carpi ulnaris. 

Oil the ventral aspect of the htnnan fore-limb, two deep 
flexors arise from the radius, ulna, and interosseous membrane, 
and run parallel with one another, though disconnected, to 
the digits. Thc^se are, on tlie pro-axial si(le — flexor polll- 
cis longus^ to the distal phalanx of the pollex ; and i\io flexor 
dlgitorunh perforans^ to the distal phalang(>s of the other 
digits. 

In tlic hind-limb, two liomologons musclt^s, tho flexor hal’- 
lucis longiis and the flexor digitoruni perforans^ arise from 
tlie tibia and fibula and interosseous membrane, <and tli(i‘ir ten- 
dons arc distributed to tlie distal phalanges of the digits, 
lint, before they divide, the tendons become connected to- 
gether in such a way that many of the digils rcM^eive tendi- 
nous fibres from both sources. 

In the fore-limb, there an? no other det‘p flexors, but the 
internal, or post-axial, condyle of the huinerns gives origan to 
a inmiber of muscles. Tliest?, proceetling from the pre-axial 
to the post-axial side, arc \\\q. flexor earpi radadis to tlic base 
of tlie second melacarpal ; the long us to the fascia 

of the palm; iho flexor pen^fimitus digitoruni to the middle 
phalanges of the four ulnar digits ; i\\o. flexor carpi ulnar is to 
the base of the fifth metacarpal. The sesamoid, i>isirorm bone 
is developed in the tendon of the last muscle. 

The only muscle wliioh exactly corresponds with any of 
these, in tlic liind-llmb, is the plaidaris ; wliicli, in Man, is a 
slender and insignificant muscle proceeding from, the onler 
(post-axial) condyle of the femur to the |)lantar fascia — and 
answers to the pedniaris longus. In many quadrupeds, as the 
liabbit and Pig, tlic plantaris is a largo mnsole, the tendon 
of which passes over tlie end of the calcaneal process en- 
sheathed in the tendo achiUis^ and divides into slips, which 
become the perforated tendons of more or fewer of tluj digits. 

■'*' This muscle, wliicli lies altofftitlicr on the Corsal face of the hintl-limb, 
tmd which I have seen only in Man, should not^ bo eontoumled, as it otteri is, 
with one or more mnsclcs, tho p<:rontxi 3tri\ Aii^ et bti dujiU^^ wiiidi are very 
often developed in other Mammalia^ hut arise on tiio ventral taco or the nbuhi, 
and send their tendons below the external* malleolus to the extensor sheatiifl 
of tho fifth, fourth, and even third digits. 
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Tlie flexor carpi radlalls is also roughly represeiil<5d by tho 
tibialis }>ostiims — a muscle which passes fi oin the tibia and 
interosseous membrane to the en toon mn form, and therefore 
diflbrs in insertion, as well as in origin, from its analogue in 
the foredimb. ^Y\\o flexor perforate digUormn of the foot 
takes its origin soinetimos from tlie calcaneiim; sometimes, in 
part fiom iiie calcaneiim, and in part from the perforating 
hexor ; or it may be closely connected w ith the tendons of the 
plantierls. The per on O: us brevis represents the flexor carpi 
rdnaris by its insertion, but it arises no higher than the fibula, 
and has no sesamoid. 

Tw o most important muscles yet remain to be considered 
in tlie leg. The om^ of these is that wdiich is inserted by tlie 
tendo ach ill is inio tho calcaneum, and arises by four }n;ads, 
two from tlio condyles of the ferniir (called g a strocn crams')^ 
and two from the tibia and hbula (called soUmil), The otlier 
inusclc is the perorurus lopgus^ arising from the fibula, ].)ass- 
ing behind tlie (vxteinal malleolus, and then crossing the foot 
to the base of the metatars«al of the hallnx. 

The lattcn* muscle (lot*s not appear to liavc^ any representa- 
tive in tin? fore-limb. The gastrocnemms and soleifs may pos- 
sibly rejiresimt tlie erural part of tlie jxn forated Ilexor, since, 
in many of the l^rtebratOy the ten<lo fadiUlis is but loosely 
connected with the calcaneiim, and passes over it into the 
plantar faseda and the jierforated tendons. A peculiar adduc- 
tor muscle of the hallux in Man and Apes is the trarisvermlis 
pedis^ w'liicli is inserted into the basal jihalanx of the hallux, 
and arises from the distal ends of the metatarsals of the 
other digits. The muscle somelinies has an analogue in the 
man us, 

Jdlectrical Organs, — Certain fishes belonging to the gen- 
era Torpedo (among the J£lasmohrancJni), Gymnotus^ Ma* 
lapterurus^ and Morynyriis (among iht^ Tdeostei)^ ])Osses 
organs w hich convert nerv^oiis energy into eJectriedty, just as 
muscles coin (ut the same energy into ordinary motion, and 
therefore ma}^ weW be mmitioned in connection with the ner- 
vous syslein. The electrical organ ” is always composed of 
nearly pai‘allt'1 lauudho of connective tissue, enclosing small 
chambers, in whi< h lie Avhat are iermed the clectriced plates. 
These are cellular structures, in one. fiice of which the final 
ramifications of tlic nerves, which are supplied to the organ 
by one or many trunks, are distributed. Tlie face on wliich 
the nerves ramify is in all tlie plates ilie same, being inferior 
in Torpedo^ where tho lamellai are disposed parallel to the 
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upper and under surLiees of the body; posterior in Gy mno- 
tus^ and anterior in Malapterurus^ the larnelhe being disposed 
p(n*pciidicular]y to the axis in thesci two lishos. And this sur- 
face, when the disci larga:; takes place, is always negative to 
the other. 



Fw, IS.—Thf TorpoHo, will, its elect rii-u! apparatus disitlaycfl. — ?/, Itnutchije; 

electric or^'iiu ; (/, enntiniii: -wc, spinal nn-d; rnn-ves lo t.bc pcc.idral Jirjs; uK fferrl 
hif.erali'S ; l)r.iiielu.'S of the pjicuino^^astrio nerves !i,'ointr to the eleeti-ic ori^^iui ; <v, 
eye. 

In Torpedo the iua‘vcs of the elcc’trieal organs proceed 
from tlie (iftli pair, and from the “ electric lobe ” of tlio 
medulla ohlongeita^ Mdiicli a]i])ears to bt.^ d(*.velo|)tHl at the 
origin of the pneumogastrics. In the other (dectrical hslios 
the organs are supplithi by spinal lu'rve?; and, iii 3I(d(fptc- 
ruriis^ tlio nervt? consists of a single gigantic ptiniiti\e fibre, 
which siil^tiividcs in the electrical organ. 

The ordinary Ilavs posstiss organs of niiich the same 
Slrnctnre as the electrical apparatus, at the sides of t]n3 fail. 

The JSFerrous System: the Micephaloto — In all verte- 
brated animals (‘xcept AmpMoeigits^ the brain exhibits that 
separation into ^ foredjraln^middmam^ hiud-hrain^ which 
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results from its embryonic division, by two eonstrictions, into 
the three thin-wnll(‘(l vesicles — the anterior, middle, and pos* 
terior cerebral vesicles — already incntioned. The cavities of 
these vesicles — llic primitive ventricles of the brain — freely 
(romnnniicaU? at first, but become oTadually diminished by the 
thickening of their sides and floors. The cavity of the ante- 
rior v(^sicle is, in tlie adult human brain, represented by the 
so-called third ventricle; that of the middle vesicle, by the 
iteratertio <ul quartrini mntricxdum ; that of the posterior 
vesicle, by fourth ventricle, 

The floor and sides of the posterior vesicle, in fact, thicken 
and becoine the oblongata ; together witli the pons 
varolii^ in tliose animals which possess the latter structure. 



Fia. lO.—'nincrraiiiinfit.io lioiizoiit.il sootitm of a Torte])rato T>rani. The letters 

serve for both this tijrnre aiKl Fijr- 20: Mid-braiii. Wliat lies in front of this Is tho 

fore-brain, and \vhat lies bebiiid. the liind-brain. L. the lainina termirmlia; Olt\ tho 
olfactory lobes ; Jimp, the lieniispheri-s ; 7’//.. ./i, ibo thalunoneeplialon ; P??, tlie pineal 
frland; Py, the ])ltintary body; J<'M. the t;)raiiien of Mnnro; (\S, the corpus atrinfiiiri; 
Th, the optic thalaunis; CQ, th<' corj)or.‘i t|aiub'iireiii1na ; CC, the ernm cerebri; C(\ tho 
cerebclluin; P\\ the pons varolii ; d/(A the luedullu oblongahi,; 7, olfactorli; 77, ontici; 
7/7, point of exit from tlie bnd/i of the inotores oculornm ; 7 of tho pathetici ; K7, of 
the al)ditcentes; V-XIi, ori£^lns of the other cerebral nerves. 1, olfactory ventricle; 
2, jai.eral ventricle; 3, thud veninclc: 4, founli veutdele; +, Uar a tertio ad quartum 
ten.fHculum. 
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rbe posterior part of the roof is not converted into nervous 
matter, but remains tliin and atteiiuatcd ; the ependyma^ or 
lining of tlie cerebral cavity, and the aracJmold^ or serous 
menibrane which covers the brain exteruaHy, coining nearly 
into contact, and forming*, to all appearam'e, a single thin 
meinbrane, which tears with great readiness, and lays open 
the cavity of the fourth ventricle. Anteriorly, on the other 
liand, tlie roof becomes converted into nervous matter, and 
may enlarge into a complex mass, which overliangs the 
posterior di^sion, and is called the ccrcbelhin). The jyotis 
varolil^whQn it exists, is the expression of commissural fibrils, 
which arc developed in the sides and lloor of the anterior part 
of the posterior cerelnal vesicle, and conuec't one half of the 
cerebellum wiili the oiher. 

Tims, the Jiunl-hrahi, differs from tlie posterior cerebral 
vesicle in being diirerciiiiatcd info the medulla olilongala (or 
wyeleru'cplialon) behind, and the ccrebellian wifli tlic pons 
varolii (wdiicli together*' constitute the inetoiccjdialoh) in 
fi’ont. 

The floor c>f the middle cerebral vesicle fliickens and 
becomes converted into two great Inindles of longitudinal 
fibres, the crura cerebri. Its roof, divid(‘d into two, or four, 
convexities by a single longitudinal, or a crucial, de]>ression, 
is converted into tlie “optic lobes,” corjfora ittycuebia or 
qiiCHlriyeniinef. And these parts, the o|)tic*- lobes, the crura 
cerebri, and the inlerjiosed cavity, wdiich either retains the 
form of a ventricle, or is reduced to a mere canal (the iter a 



Kuj. ‘iO. — A km^iaKliniil and vGrlii'a] section of a Yertcljratc Lrain. — The 1( (lerH as hfforo. 
The lamina ierminail^ is rejuvseutcMl by the elrong black line between FJJ and Ik 

tertio ad qiiartma veritriculmn)^ are the components of the 
mid-hrain or mesencephalon. 

The anterior cerebral vesicle undergoes much greater 
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changes than either of the foregoing for, in the lirst place, 
it throws out from its anterior lateral parietes two hollow 
prolongations, the hemls 2 >heres (or prose iice}^huld)^ and each 
of these again protrudes from its anterior end a sniallor 
hollow process, the oifactonj lobe (or rhinencephalon). By 
the development of those processes the anterior vesicle 
becomes divided into live parts — -one median and post(n-ior, 
and four anterior and paired. The median and posterior, 
whicli remains as tlie representativ'e of the greater ])arl of 
ilie original anterior cerebral voshde, is tlic vesicle of the third 
ventricle (or thalani(OicepJialofi). Its floor is produced into a 
conical process, the Infundihalxim^ the blind end of which is 
connected with the pitiiitary body, or hypophysis cerebrL Its 
sides thicken greatly, a(*(|uire a ganglionic structure, and 
become the optic tholaniL Its roof, on the other hand, 
rescmliles tliat of the fourth ventricle, in remaining very thiji, 
and, indited, a incro momhraue. Tlic pineal glaii(l, or eplpkip 
SIS cerebri^ is developed in connection with tin? u[)per wall of 
the third veutriohi ; and, at tiio sides of its roiif, arc two ner- 
vous bands, wlucU run to the pineal gland, and are called its 
peduncles. 

Tlie front w'ali of the vesicle, in part, bec'omes the so-called 
lamina termlnalls^ which is the delicate anterior boundary of 
the third ventricle. In certtiin directions, however, it thickens 
and gives rise to three sots of iibres, one transvers*^ and two 
vertical — the Ibrmer lying in front of the latter. TJic trans- 
verse fibres pass on either side into tlic corpora striata, and 
constitute the which coimects those bodies. 

The vertical Iibres are tlic anterior pillars of the fornix^ and 
they pass below into the floor of the tliird vt3iitriele, and 
into the corpora mriranilllarla^ wbeii those structures are de- 
veloped. 

The outer and under wall of cacli cerebral hcMnispliere 
thickens and becomes tlui corpxis striatum^ a ganglionic struct- 
ure which, from its origin, neeessarily abuts against the outer 
and interior part of ilic optic thalanins. The line of demar- 
cation betwc(3n tlio two corres]:)onds with the lower lij) [txcnld 
semicircuJaris) of the aperture of communication (called the 
foramen of jMunro) lietwecn the tliird ventricle and the 
cavity of the cere brat hemispliero, wliieli is now termed tlui 
lateral ventricle. In the higher Vertehrata.^ the uppt^r lip of 
the foramen of Muuro thickens, and becomes converted into a 
bundle of longitudinal fibres, which is continuous, anteriorly, 
with tlie anterior j^illars of the fornix before mentioned. Po"s- 
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teriorly, these longitudinal fibres are continued bade ward and 
downward along tlie inner wall of the cerebral hemisphere, 
following the jiiiietion of the corpora striata and optic thalaini, 
and pass into a thickening of the wall of the hemisphere, 
wliicli projects into tlie lateral ventride, and is called the 
hippocampiis major. Thus a longitudinal coinniissural band 
of nerv'ous fibres, extending from the floor of the third ven- 
tricle to that of tlic lateral ventricle, and arching over the fora- 
men of Munro, is produced. The fibres of opposite sides unite 
over the roof of tlic third ventride, and constitute wlnit is 
called the body of the fornix, lieliiiid this union t he bands 
receive the name of thi'r pointer lor plUnr a of the fornix, 

'^riie optic thalanii may be <‘(>ime(*tcd by a gray sOft com- 
missure / and a posterior conunissnre^ consisting of transverse 
nerve-fibres, is g<merally developed between the posterior ends 
of the iw’^o thalami. 

In the Marnmaiia^ a sinictnre, wliich is absent ifi (dher 
makes Its appcaraiua^; and, in the higlier mendaors 
of that class, this corpus callosurn is the greatest and most im- 
portant mass of commissural fibj‘('s. It is a scries oC trans- 
verse fibres, wduch extends from tlio roof of on<^ lateral ventr- 
clo to that of the otliej*, across tli(> infeiaad v Irid) sc^parates 
the inner wall vd’ one iiemisphere from Ihat of thii other. 

When the corpus {•allosuin is largidy developed, its ante- 
rior part crosses th(‘. iiiter.sj>a.C(*. lad-vvcMm the liemispliercis con- 
siderably above tla? level of the fornix ; so that Ixitween tlie 
Ibrnix an<l it, a cxn’tain portion of the iniKn* wall of each 
hemisphere, ^vith tlic intervening sjiace, is intcrce])t(?d. The 
portion of the two inner walls aaal their interspaci', thus 
isolated foim tin? rest, constitutes tlu^ s<?pfufnh lucidunp with 
its contained Jifih, ventricle. 

The Modijl<‘atlons of the Brain . — Tlie chief mod ificaiions 
in the giMK^ral form of the brain arisci from the develojmicnt 
of tlie heniisjihercs relatively to the other ])arts. In tlui lower 
vertebrates the liemisjiheres remain small, or of so moderate a 
size as not to hide, by ovxM'la])])ing, the other divisions of tlie 
brain. But, in the higher Ma.nnnafia^ ext, end forward 

over tlie olfactory lolies, and backward over the optic lobes 
ani ccu’ebellum, so as completely to cover thes(‘ parts ; and, in 
addition, tliey are:^ enlarged downward toward iIkj base of tla*, 
brain. The cercdiral iiemisphere is thus, as it won', lient round 
its carpus stx la tarn and itbci-omes distingnislaxl into i’egions, 
OP lohes^ which arc not separated by any vmy sharp lines of 
demarcation. These regions are named the frontaf parietal^ 
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occipital, JMul temporal lobes — wliile, on the outer side* of tlie 
corpus siriatrun^ a central lobe (tJje insula of Reil) lies in 
tlie midst of tliese. The lateral ventricles arc prolonged 
into the frontal, occipital, and temporal lobes, and acquire 
what arc termed th(\ir anterior^ prosterior^ and eleseending 
corn lau 

Furthermore, wliile, in tlio lower vertebrates, the surface 
of the cerebral hornisj)liercs is smooth ; in the higher, it be- 
comes com]:>Ucated by ridges and furro^v's, tlio gyri and sidcl^ 
wljicli folloAV particular patterns. The superficial vascular lay- 
er of conneetivo tissue which covT^rs the brain, and is called 
2 yla, mater^ dips into these sulci : but the arachnoid^ or delicate 
serous membrane, wliich, on the one hand, covers tlic brain, 
and, on the other, lines the craniinn, passes from convolution 
to convolution without euteriug ihe sulci. The dens(^ perios- 
teal membrane which lines tln^ interior of the sknll, and is 
itself lined l)y the paiietal layer of the arachnoid, goes bj' the 
name of the dura niaUr. 

The general nature of the nKxlificatioiis observable in the 
brain as we pass from the lower to the higher mawmalat is 
very 'wel! sliown In* the accoinpnn>'Jng figures of the brain of 
a Rabbit, a Ihg, and a Chimpanzee (Figs. 21 and 22). 

In the Rabbi I , the ecn obral hemis]*»heres leave the cerebel- 
lum comploiely exposed when the brain is viewed from above. 
There is but a mere rudiment of tljc Syh ian iissuro at Sy^ and 
the three princij)al lobes, frontal (A), occipital (./?), and tem- 
poral (0), arc only iudicated. The olfactory nerves are enor- 
mous, Jiiid pass by a broad smooth tracd, which occupies a 
great space in the lateral aspect of the l>rain, into the natiforrn 
protuberance of tlio temporal lobe ( C). 

In the Pig, tlie olfactory nerv(\s and tract are hardlj^ less 
coris])icuous ; but tlio iiatiform protuberance is more sharply 
notched otT, and begins to resemlde the unciform gyms in the 
liighcr 3/a?nrnalia, of which it is tht^ homologue. The tem- 
poral gyri (C^), thougli slill very small, begin to enlarge down- 
ward and forward over tliis. The upjier part of the cerebral 
hemisphere is much enlarged, not only in the frontal, but also 
in the occipital r(\gion, and to a great extent hides the cere- 
bellum when the brain is ^iewed from aliove. AV^hat in the 
Rabbit was a mere angulation at aS)/, in the Pig Las become a 
long sulcus — the jSylvian^fissure^ the lips of which are formed 
by a gyrus, the iSylvian, or angular^ gyrus. Two other sets 
of gyri, more or less parallel with this, are visible upon the 
ont(3r surface of the hemisphere ; and at the entrance of the 
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rifl-. 21. — Latonil views of the i>rains of :i a Piir. firnl a Cliiiupfinzi-e, ilnuvn of nearly 

tlie same absolute size. The Kiibbit’a brain is at the top; llm ri<jr's, in the iMiihlle, tir<s 
( UHmpaiizce'*s, lowest. — the olfactory lol>e; J.,, the frontal ; 7>., the oeoiplhil 
lobe; 6'!, the temporal lobe; *S>/., the Sylvian li.^sure; i«., the insula: supra- 
orbital; aSIF,, J.F., superior, mhlillo, ami inferior frontal g’.yri; A./\ .an toi-o -pari- 
etal; i>o.stcro-parietal gyri; sulcus of Ivolarulo ; /*./V, po.stef;o-pariotal lobule ; 

O./yi, external perpendiculur or occlpito-t'uuporal sulcus; >!«. .au<ruiar gyrus; 2,8,4, 
annectent gyri ; A.T.^ iir.TT, P.71, tlio tlu*eo tornxioraL and LOc,^ the thre« 

o<‘olpital gyri. 
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Sylvian lissnro, at In^ there is an elevation which ansVers to 
the irmda^ or central lobe, 

111 lh(i Chimpanzco, the olfactoiy nerves, or ratlier lobes, 
are, relaiiv^elv, very small, and the tracts which connect them 
witli th{^ uncinate g'yri {substOMtee pe7]foratkdj are completely 
hidden by the temporal gyri ( C^). The Sylvian Jissure is very 
long and deep, and begins to hide the hmda^ on winch a few 
fan-shaped gyri are developed. The frontal lobes are very 
large, and overlap the olfactory nervc'S for a long distance ; 
while the occipital lobes completely cover and extend beyond 
the eercdiellum, so as to liide it completely from an placed 
abov(\ Ida; gyri and sulci have now attained an arrangement 
wliich is eliarachn’istic of all tlic liighest MeirnmalUi, The 
tissnro of Rolando ( 7t) divides IIjc anteroparietal gt'rus (A. 7^) 
from the postero-parietal Tliesc two gyri, with the 

poslero-paritdal lobule {7\lH,)y aTid part of liu3 angular gyrus 
(.In), coustiiuie tlie Parietal lobe. The froptal lobe, whi(?li 
lies anterior to this, the occipital lobe, which li(‘s behind it, 
and the temporal lo]>e, wliich lies below it, (.‘acdi [)resent three 
tiers of g 3 'ri, which, in the case of the frontal and occipital 
lobes, are cullc^l superior, middle, and ijihnior — in that of the 
temporal lolx^, anteri(.)r, middle, and posterior. The ir^ferior 
surface of the frontal lobe, which lies on tlie roof of the orbit 
{S, 0?\), presents many small sulci and gyri. 

On the inner face of tbe cerebral h(.miisj)hcre (Fig. 22 ) the 
oly sulcus j>roseated by the Rabbit’s brain is that deep and 
broad depression {71.) which runs parallel with the posterior 
pillar of the fornix, and gives rise, in the interior of the de- 
scending cornu of the lateral ventricle, to the projection which 
is termed the trippocampus major. In tlic Pig, this hippocara- 
pill svlcits (77) is much narrower and less conspicuous ; and a 
marginal {M) and a. calossal ( (J) gyrus arc separated by a 
well-marked callomaaarginal sukms. As in the Rabbit, the 
uncinate gyrus forms the inferior boundary of the hemisphere. 
In tlie C])im})anz(M*, the marginal and callosal gyri are still 
better marked. TJien^ is a deej^ internal jierpcndicular, or 
occipUopariclal^ sulcus (Zp). The calccirine sulcus ( 
causes a ]:)roj(vtioM into tiie floor of the posterior coriin, 
whicli is the Jiippocanepus minor ; v hile tlie collateral sulcus 
{Coll) gives rise to tlie eminence of I hut name in both the 
posterior and descending cornua. Tlie hippocampal sulcus 
{II) is relatively insignilicant, and the lower edge of the tem- 
poral lobe is Ibirned by the posterior temporal gyrus. 

In the Rabbit, the corpus callosum is relatively small, much 
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larger, more horizontal, atid 2:)ossesses more of a rostrum : in 
the Ciiimpanzoe, it is still larger, somewhat dellexed, and very 
tliick posteriorly ; and has a large rostrum. In proportion to 
the heiTiisplieres, the anterior cotnnii.ssure is largest in the 
liabbit and smallest in the Chmi}:>anzoo. I’ho Rabbit and tlie 
Pig Ivdvc a single (^orpus raammUlare, tlie Chimpanzee has 
two, TJie eerebellum of the Rabbit is v(n*y large in 2 :)roportion 
to the Jiomispheres, and is left completely uncovered by them 
in the d(jrsal view. Its median division, or vermis^ is straight, 
symmelrica], and large in ]>roportion to the lateral lobes. The 
jff,occuU^ r)r accessory lobules developed from the latter, are 
large, and project far beyond the margins of the lateral lobes. 
The virntral face of tlie meten{*ephalori jwesents on each side, 
behind the posterior margin of the pons varolii, llattened rec- 
tangular ai'oa^, tlie so-called corpfyra trapezoidea. 

In the Pig, the cerebellum is relatively smaller, and is 23ar- 
tially eovercil by tlio lieniisjihcres ; the lateral lobes are larger 
in proportion to tijc vermis and the tloecnli, and extend over 
the lat ter. Tlie corpora trapezoidea are smaller. In the Chita- 
jtanzee^ the relatively still smaller cerebellum is completely 
covered ; the vermis is vorj^ small in relation to the lateral 
lobes, wiiicli cover and hide the insignificant llocculi. There 
a rc no corpora trapi^zoidca. 

In all the characters now mentioned, tlic brain of Man 
differs fur less from iliat of the Chimj^anzoe than that of the 
latter does from the Pig’s brain. 

The .Mi/clon. — The spinal canal, and the cord which it con- 
tains, are lined by contiruiatious of the three membranes which 
|)rotect the encephalon. Tlie cord is sub-cylin<lrical, and con- 
tains a median longitudinal canal, th(^ cxinalis centmUs^ the 
remains of thu primitive groove. It is divided by anterior and 
posterior median lissnrcs into two lateral halves, which arc, 
usually, caiinect(Hl oiily by the comparatively narrow^ isthmus, 
which immediabdy sTirrouuds the caaalls centralis. The cord 
may’, in the adult, extend through the wliole S 2 )inal canal, or it 
may come to an end at any point between the caudal extrem- 
ity and the anterior thoracic region. 

The distribution of the two essential constituents of ner- 
vous tissue, ganglionic corpuscles and iiervc-llbres, is very defi- 
nite in the spinal cord, ganglionic corpuscles being confined 
to the so-called ‘‘ gray matter ” which constitutes the isthmus, 
and spreads out into tAVo masses, each of which ends in an an- 
terior (or ventral) and a posterior (or dorsal) horn. Nerve- 
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Frc. 2?t . — A dia^rraininatic vk*w of tho Chk^f Trunks of th« Corehro-spiiiMl and Syinpathotio 
Horvous Sj'sk'ius of liana emulunia sorii from l»oI(>\vft,wi(;»; Ihosm^of nature). — 1. The 
olfiMitory nerves. TsT. 1’lic oliiietory sao, ll. TJio ojdic nerve, (A The eyfi. L. op. 
The opiic lobes. 'J\i. Optic tracts passing' from the opt u* lob<-s to ttio chiasma, behind 
which lies the pituitary body. III. Oculomotovlnsi. JV. PathttienH. V. "I'ho Irl- 
geinin.il, with wliich the alHlvcenR{^\.). faoUiUH (V I I.), aiid the upper end of ttie sym- 
pathetic ( lAV.), are closely cormceled. /’ranches of this ii.-rvous plt'xii.s .are, Ka/.'tho 
Urts.al and ophthahriic ijranehces of th(» |jfth and the alHliivfna. V, A, r, -7, t}i<‘ palatino, 
maxillary, and mandibular brantdies of the lifth. I' c, tin) l.yinjjanie, hrauch into which 
the proper facial nerve (VII.) enters, and. with a branch of tljc \agns. forms the so- 
cjillcd faeuU nerve of tljc Frog, /d Vllf. The auditory nerve. .V., v\ it!) its hninclws 
vT*, A'3, A'"*, represents the glossopiiarvjigeal and the. vagn.s. The medulla ob- 
longata cn<ls, and the medulla spinalis (,)/.’/♦ Zo//) bc<^lii.s, about the 

region marked I) V the letter J/. J/ 1-10, the .spinal nerve^s; J/2. the lu’aehlal nc?rves, 
Jtf T, 8, 0, the iscfnatic plc.vus, ft-oTU whicl) proceed the crur.al (X. c.) and isehiatie (N. i.) 
neihroB. S, The triuik of the sympathetic. KM. 'fhe commmiieating bratiehes with 
tho spinal ganglia. K I -10. Tlio symj>'.itht;tit: ganglia. 
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fibres also aboiiiid in the gray inaiicr ; but the so>callet! “ white 
niatt(‘r,’’ whicli constitutes the exterjial substance of the cord, 
Cf nj tains only the fibrous nervous rnatteT*, and has no ganglb 
ouie corpuscles. 

The spinal ner\'cs arise in opposite pairs from the two 
lialves of tlie (!or(l, and usually correspond in number with the 
vertebrae througli, or l)etvvocn, which they pass out (Fig. 23), 
Each nerve has two roots, one from the dorsal, arid one from 
the ventral, r(\gion of its lialf of the cord. Tlie former root 
has a ganglionic en large men t, and only contains sensory 
fibres ; tlie latter lias no ganglion, and exclusively contains 
motor fibres.'*^' After leaving the verteliral canal, each spinal 
nerve usually divi(h‘s into a (lorsal and a ventral branch ; but, 
in tlie Ganoid (islies, each of iheso braii(;hes is a distinct nerve, 
arising by its ewii j^ro])er roots. 

The Cerebral hVerves, — Tlie greatest iiurnber of pairs of 
nerves ever givim oil Irom the viatcbrate brain is twelv^e, in- 
cluding the so-(?alled olfactory nerv'cs, and the opti(‘/ nerves, 
which, as has liemi seen, are more I>ro])erly diviTticuhi of tlie 
brain, than nerv(‘s in the proper sense of tlie word. 

The oira(d:or\^ ‘‘ nerves ” (o/./h(‘forl/) conslitnte the Jb^si 
pair of cerebral nerves. They always retain their primary 
connection with the cerebi’al hemispheres, and fre{|nently con- 
tain, throughout life, a cavity, the olfactonj vcntriele^ which 
conumiiiicates with the lateral ventricle. 

The 0])tic ‘‘ nerves ’’ i^ojAlei) are Hie second iKiir of cere- 
bral ner\'es. In the I^xinpieys and Hags {^lavsipohraniddii) 
tliesc iK^rves retain their cniliryonio origin from the thahim- 
encejihalon, and each goes to the eye of its own sidf^ In 
otlier \ba'tebrala^ th(i lu'rves cross one another at tlie base of 
the brain [Indeostd)^ ox are fused together into a <‘hiasjna 
( Ganoldei^ Mlasniobraoicldl^ and all tlie higher Ycrtebrata^. 
In the higher IT again, the iibres of the optic nerves 
become coimocted chiclly with tlie mesencephalon. 

All the other ceo^bral nerves differ from these in arising, 
not as divertievila of any of tlie cerebral vesicles, but by histo- 
logical differentiation of the primitive brain-case, or laminai 
dor sales of the skull. 

The tJurd {mot ores omlbrum^ fourth, { pathetic i) pairs 
of nerves are distributed to tlie muscles of tbe eye ; tlic lliird 
to the majority of these inuscles, tlie fourtli to the superior 

* Amphioxtea appears to ho an exception to this, as to most other, rules of 
Vortebralo anatomy. 



07 


- THE CEREBRAL NERVES. 

oblique tniiscles. The third pair of nerves issues from the 
crura cerebri, or inferior division of the metenceplialon, upon 
the base of the brain ; the fourth pair, from the fore-part of 
the upper division of the raetencephalon, immediately bc- 
liind the optic lobes, upon the siipen'or surfjux? of the brain. 
This region is known as the Valve, of Vlemsens in tlie 
'iiUiUa, 

All tlie oUier cerebral nerves originate in tlio posterior di- 
vision of the hind-brain — the inyelcmcephalon. The great 
ffth pair {trigemini) passes out from the sid(‘s of the melen- 
ceplialon, and supplies sensory nerves to the integument of 
the head, and motor nerves to most of the mus(des of the 
jaws, by its three divisions — the oplitlialmlr ^ the sxiperlor 
maxillary^ and the inferior m>axUlarip nerv(‘S. 

Of these divisions the two latter are, v(ny generally, closely 
connected together, while tlie ophthalmic division remains 
distinct The ophthalmic division passes to tlie cleft between 
tlie trabecula and the maxillary process (wliich nearly corre- 
sponds with the orbit, and iniglit be termed the orhlto-naml 
cleft), and is distributed to the inner and the outer side of that 
cleft Hence its main branches are nasal and l/uhrymal. The 
two maxillary nevvos, on the other Jiaiid, are distributed to the 
inner and outer sides, or anterior and posterior boundaries, of 
the buccal cleft Hence the superior maxillary belongs to the 
posterior, or outer, side of the maxillarv process, while the in- 
ferior rnaxillarj^ appertains to the anterior region of the first 
visceral arch. The superior maxillary comrnoeJy unites with 
the outer, or lachrymal, division of the ophthalmic; the in- 
ferior inaxillary with the anterior division of the facial. 

Ill the higher Vertebrata ^ the trigeminal nerve usually has 
two very distinct roots, a dorsal serisorv, providcal witli a gan- 
glion (the Cafiiserian ganglion), and a ventral motor, non-gan- 
glionated. The fibres of the latter pass almost exclusively into 
the inferior maxillary division. In addition, the ophthalmic 
division may have a ganglion {eiliary) ; the superior maxillary 
another {sphenopalatine ov MeeheUan)^ and the inferior maxil- 
lary a third {otic). 

The sixth pair {abducerites) issues from the inferior suT'face 
of the brain, at the junction of the myeloncephalon wiih the 
metencephaloii. It supplies the external straight muscles of 
the eye ; with the muscles of tlie nictitating* riKanliranc, and 
t\io' retractor hulbi.^ or miiscrdus choanoldes^ wlien such mus- 
cles exist. 

The seventh pair (facialesy supplies the superficial facial 
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muscles, and ultimately divides into two brandies, bne of 
whic^li is in relation with the mandibular, and the other with 
tlie liyoidean arch. 

The five nci'ves which liave just been nientioned are often 
intimately connected tOi>:ethcr. Thus, in the Jjepidosiren^ tlie 
three motor neia es of iho eyeball are completely fused with 
tlie ophtliulmic division of the iiftli.*^ Ja the Myxinoid fishes 
there arc no motor nerves of the eyeball ; but, in the Lamprey, 
the rectm e:vfeniu^ and in ferior^ and the ohliqum inferior^ are 
snjiplied by the ophthalmic, wlidc tluj ociiloinotor and the pa* 
thetic unite into a common trunk, which givijs branchc^s to tlie 
rectus superior and mternus^ and oblujuus superior^ The ocu* 
lomotor, the pathetic, and tlie abdueens, are more or less con- 
founded with tin': o|)hthahmc in the Aniphlhla ; but in Tele- 
ostel^ Ganoldel^ and in all the hig-her Verte- 

brata^ the niirvcs of the muscles of the eye are distinct from 
ihe fifth pair, excc'pt wliere thi' oculomotor unites with tlie 
ophthalmic into the ciliary ganglion. 

The facial and the triginninal ncryes liave common roots 
in fishes. In .Aruplilbiu,^ tliongli the roots are dirtinct, tlie 
facial may lie coinplchdy united with the ganglion of the tri* 
geminal, as in the Frog. In all abranchiate Vcrtebrata the 
two nerves arc rjuito distinct. 

AVheilier Die nerves are distin<*t or not, a paluUn<\ or mdi- 
ari^ nerve (vvhi(‘h, in the higlHU’ Vertehruta^ is especially con- 
nected with the facial), runs through, or beneath, the base of 
the skull, jiarallel with its long axis ; and, after uniting with 
the superior maxillary, and usually contributing to form ihe 
spli^riopidutlne^ or ATeckellan^ ganglion, is distributed to the 
mucous membrane of tlic l oof of tlie mouth ; and the mandib- 
ular division of the seventh, or chorda tympani^ unites witli 
tlie iiilbrior maxillary division of tlie fiftli nerve. 

elifhth pair {audltoril) is formed by tlie nerves of the 
organ of hearing. 

d"he ii hith pair {pfossophari/tufei) is ospeciMlly distributed to 
the pharyngeal and lingmd regions of tlie alimentary canal, 
and, primarily, supplies the boundaries of the second visceral 
cleft. 

The tciith pair {puacHoyastrlcl or t^ayl) consists of very 

*Iam disposed to thirilv that tlift motor Tjt!rve» of tlio eye more 

nearly retain t heir primary relations \i\ .LepidoKiran than in any otlier verte- 
braU'd animal ; and Idnit tlicy are really the motor portions of tlic nerves of 
the orbito-nasal cleft, the third and fourth appertaining to tlio inner division 
of the ophtlialmio, tlic sixtli to its outer division. 
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remarkable nerves, wliicli pass to the aiul stoinacli, tlie 

respiratory and vocal organs, to some ])arts of the int(‘gvinieut 
of the body, and to the liearL In the Jr'hth.ifopsida tliey gave 
oif, in addition, long nerves to the iiitogiiincnls of tlio 

sides of the body. In the Inghor {"ertebratif^ these lal.eral 
nerves are rcpresentcMi ordy by small biarich('S dislril>ut(Kl 
chiefly to the occipital region. Tlie riintli and ten tli pairs are 
both motor and sensory in function, aial are often so inti- 
mately (jonneclod as to form almost one in rve. 

dbe eleventh pair {avcessorlt) arc cen-bral only l>v cointc'sy, 
as these nerves take their origin from tin* s]>inal ta)rd, by 
roots which issue between tlie proper anterior and posterior 
roots of the spinal nerv^es, and, joining tog('tJier, fonn, on 
each side, a nerve which passes out with tin? pneumogastrie, 
partly joining it, and part ly going to nmseh's which arise from 
the head and anterior veri.<:*])ra', and are inserted into the pec- 
toral a roll. 

The spinal accessory exists in no Ichihyopsld vertebrate, 
but is found in all Seni/ropsida^ witli tlie exceplicn) of llie 
Ophidla,, and in the Mammidki. 

The twelfth and last pair [fiyjxyjlossl) arc tlu* motor neiTCS 
of the tongU(', and of some retraclor ninscles oi‘ iJie liyoidean 
a]:>paratvis. 

In tlie lehtfiipqmdii the lirst eervical nei vt* sn|)])lies the 
dislribiilional area of i he }iy|)oglossal ; but in all the abran- 
chiate Vertehrata there is a hypoglossal, v^ lrlch ttavci'S(.*s a 
foramen in the ex-oecijiiial, tliough it, oiltms remains closely 
connected with the first cervical, and may latlier Ix^ r(‘gardcd 
as a subdivision of that nerve, tlian as a jiroiier cerebral 
nerve. % 

Thus the iieiTOS arising fioin the hind-brain, in all the 
liiglicr Vertehrata ^ lid I into three groups : 1st, a s(.‘nsori-molor,. 
pre-auditory, set (.‘Id, 4t]i, hth, (3tli, 7th) ; the [mrely 
sory auditory nerve (Sth) ; 3dj the scnsori-molor, post-aiuli- 
tory, set (Otli, lOtli, 12t]i). 

The apendures by wliicli s(iv<*ral of these icervos leave the 
skull, retain a very constant relation to coalain ohnnents of 
the cranium on each side. Thus : 

a. The filaments of the olfactory nerve always leave the 
cranium between the lamina perpendiciilaris, or body of the 
ethmoid, and its lateral or prefrontal portion. 

/>. Tiie optic nerve constantly passes oul lieliind the cen- 
tre of the orbit OS] ihenoid and in front of that of tlie alLsjihe- 
noid. 
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c, Tlie tlilnl division of the trig'omiiuil, or fifth neWe, al- 
ways leav^c^s the skull behind the centre of llie alisphonoid and 
in front of the pvootic. 

d. The g]osso[>haiTnii‘{nd and pncumogastric always make 
tlicir exit holiind the centre of the opisthotic, and in front of 
tlie cenlro of the ex -occipital. 

The apertures for the exit of tlio cranial nerves denoted 
in tlie ])aragT«'iphs /», c, d^ when sin roimded by bone, and 
well dedined, are ea lied respectively : a, the olfactory foramen ; 
b, the opfAe foraiaen ; e, i\\e fo7'amen ovale; the 
lacerum postei'bfs, Tljo adjacent bones may take equal shares 
in boniuVing llieso foramina, or the foramina may bo alto- 
gether in one bone; J^nt their positions, jis here defined, never 
change. 

Anotlier point to be especially consid(n*ed respecting the 
general disposition of tlie cranial luu’vos, is the rcdaiioii whicli 
some of tliein bear to tlie visceral arches and clefts, and \vhicb 
has already been incidentally mentioned. Thus, the seveiiith 
nerve is distributed to the posterior part of the first visceral 
arcli, and to tlu^ antendor part of tlie second visceral arch, its 
two branc'hes enclosing the first visceral cleft. In like man- 
ner, the ninth (glossopharyngeal) nerve is distributed to the 
]nndc?r part of the se(‘ond andi and to Uie front part of tlie 
third, its braindies (mclosing the second visceral cleft. The 
first branch of the pneumogastric has similar relations to the 
third and fourth arclics and to the third cleft; and, in bran- 
(•hiate Vertehrata,^ tlie other anterior brandies of the piieuino- 
gastric arci similarly distributed to the successive branchial 
ai’ches, tlie two divisions of each branch enclosing a branchial 
cleft, 

, The second and the third divisions of tlie. trigciniiial are 
idistrlbuted, in an analogous manner, to the anterior regii^in of 
the firet vivsceral arch, and to tlie postenior or outer region of 
the maxillo-palatinii process — the ga]>e of the mouth ropre- 
senting' a visceral ckdt between the two. Tlie inner and outer 
23ortions of the first division of the trigominal are similarly 
related to tlu^ inner, or anterior, region of the maxillo-palatine 
process, and the outer side of the trahecAda cranil — the orbito 
nasal fissure represcailing the cleft between the txvc^. 

Considerations of this kind suggest that the trabcculfc and 
the maxillo-palatine pro(*ess(is may represent pre-oral visceral 
arclnxs, which are bent hirvvard ; and, in the case of the tra- 
heculiB^ coalesce with one another. Such an hypotliesis would 
enable us to undorstaud the siguificatioii of the naso-palatine 
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canal of llie Myxinoid fishes, Avdiich would be siTn[)ly the in- 
terspace, or passage, between the trabecula? (which must have 
originally existed if ever they were distinct visceral arches) 
not yet filled up ; and the anomalous jirocess of the roof of tJie 
oral cavity, wliicdi extends toward the }:)itiiitary body in the 
embryos of the VertebratOf in gciK'ral, might bo regarded as tlie 
remains of tliis passage. 

On this hy})Othesis, six pair of inferior arches belong to 
the skull — namely, the trabecular and inaxillo-palatine, in 
front of the mouth ; the maudilnilar, the ]i 3 'Oidean, and two 
others (first and second branchial), Ix'liind it. For, as th(?rc 
art? three cranial nerves embr,acing the first ihree visceral clefts 
which lie ])ehiiid the mouth, there must be four post-oral, cra- 
nial, visceral arches. 

Supposing that the occipital segment in i iie brain-case an- 
swers to the hiiidennost, or second branchial, cranial, visceral 
arch, the invariable attachment of tlie ])roximal ends of the 
uiaiidibuhir and hyoid(?an arches to f he auditory (capsule leads 
me to assign the parietal and the frontal segments <(.) the max- 
illo-palatine and trabecular visceral arches. And thus the os- 
sifications of the auditory capsul(‘, alone, ar^? If ‘ft as possible 
reprcseutativ(?s of the? ii(?ural arches of tin; three anterior post- 
oral visceral a relies. 

But these sp<?cuIalioiis upon (he jirimitix c‘ (“oinjiosition of 
the skull, however interesting, must not, as yct^ 1)0 placed 
upon the same footing as tlic doctrine of lIs segnientatioii, 
which is simply a genera lization of analoinical facts. 

Syrapathctle. — A Sympathetic Nervous System lias , 
been observed in all tho Vertchrata cxccjit Autphioxus and ■ 
the Aray'slpobranxhil. It consists, essentially, of two longi-v 
tudinal cords, placed one upon i‘ach side ot the inferior face 
of the cranio-spinal axis. Each cord receives communicating 
fibres from tlie spinal nerves of its own side, and, when com- 
plete, from all tlie craniid nerves except tlioso of tlie special 
senses of hearing, sight, and smell — the Vidian nerves consti- 
tuting the anterior terminations of the sympathetic cords. At 
the points of communication ganglia arc devadoped, and the 
nerves which emerge from these ganglia arc distributed to the 
muscles of the heart and vessels, and to those of tlio viscera. 
These peripheral nerves of the sympathetic system freqnentl}’ 
present small ganglionic enlargements. 

In the MarsipohraneJiil^ the place of the- sympatlietic ap- 
pears to be taken, to a great extent*, the pneumognstnej 
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and, in Myxtne^ the two pneiunogas tries unite i^pon fhe intes- 
tine, and i'ollow it, as a singdc trunk, to the anus. 

2Vie Sensor f/ Or>'/ojts, — Tlio org-ins of the three higher 
senses — Smell, Sight, and Hearing — are situated, as has been 
already d<.'sr'j'ibed, iu pairs, upon each vsidc of the skull, in all 
ve 2 te]>rate animals except tlie lowest fishes ; and, in tlieir 
earliest condition, thej^ are alike involutions of the integu- 
ment. 

Tlie Olfadori/ A]>paratm acquires no ])igher coraplication 
than this, being eitlicr a single sac {Aierphioxits (?) Ma/rslpo- 
hranclvlV)^ or, more commonly, two, (he surfaces of which are 
increased l)y plaiting, or by the dcvehqnncnt of turbinal caili- 
lages, or bones, fi'oin the laleral pfulions of tlie ethmoid. 
Upon these, nervous iilaincmis arising from tlie olfactory lobe 
of the brain nre distributed, '^rhe cavilir-s of the olfactory 
sacs may be placed in eommnnication with that of tlie mouth 
])y the nassd passages; or, as in the great majority of hshes, 
they may liave only an external ap<‘rturc, or apertures. 

In Ihqitiles, Birds, and ]\lamnia1s, a pi^ailiar nasal gland 
is frequently conmaleel with, and piours Its secretion into, 
each olhictoiy (haml)er. 

Tlie foramina inclslnafnW liotwetai the pi'omaxilhirics 
and the palatine ])lai(*s of the maxilla ries in AFammalia^ are 
sonictirnes closi^l liy th<» mueous inembranes of the nasal and 
oral cavities, and sometimes not. In tlie hitter case they arc 
the fanah of Stenson^ and place these t wo eaviti(^s in com- 
munication. Glandular diverticiihi of tlie mucous membrane, 
supplied with nervous lilamenis from bot h tlic olfactory and 
the fifth pair, may ojxai into these canals. They are called, 
after tlieir discovcroi*, the ‘‘ organs (f Jacohson A 

The JiJge is formed by the (‘oalescence of two sets of struct- 
ures, one furnished by ijivoluiiou of the integument, the other 
by an outgrowth of tlie brain. 

'^riie opeiiing of the? iniegumeiitary depr(‘ssion whidi is pri- 
marily formed on (xar-h side of the liead in the ocular region 
becomes oios(.Hl, and a shut saij is the resiiit. The outer wall 
of this sac be(‘oines ihe transparent cornea of the eye; the 
epidermis of its lloor thickens, and is metiiniorphosed into the 
crystalline lens ; the (xivity fills with tlie aajueous liumor. A 
vascular and muscular ingrowtli taking jilacc round tlie cir- 
cumference of the sac, and, dividing its cavity into two seg- 
ments, gives rise to the Iris, The integument around the cor 
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nea, gro\Viu<^ out into a fold above and below, results in the 
formation of the ej^elids, and the sogret^ation of the integu- 
ment which they enclose, as the soft and vascnhir conjunctiva. 
The pbuch of the conjunctiva very generally communicates, 
by the lachrymal du'^t^ with the cavity of tlie nose. It may 
bo raised, on its inner side, into a broad fold, the 'n IctUatlny 
membrane^ moved by a ])roper muscle or muscles. SpcM^ial 
glands — the lachripiial extr^rnall^’^, and the llarderian on the 
inner side of tlie eyeball — may bo devadoped in conncHdion 
with, and pour their sccndioii on to, the conjunctival mucous 
membrane. 

The posterior chamber of the eye has a totally distinct ori- 
gin. Very early, that part of the anterior cerebral vesicle 
which eventually be^oomes the vesicle of the third ventricle, 
throws out a divorticuliun, broad at its outer, and narrow at 
its inner end, wlu'eh applies its(?lf to the base of tlie intogai- 
meJitary sac. The posterior, or outer, wall of the (liverticulun} 
then becomes, as it were, thrust in, and forced toward the oj)- 
posito wall, by an ingrowth of the adjac^ent cojmc’ctivo tissue ; 
so that the 2.>rimitive cavity of the divanticuliirn, which, of 
course, coaimuiiicates fr<;ely with that of the anterior cerelmd 
vesicle, is obliterated. , The broad end of the diverticmlurn ac- 
cj Hiring a sphenddal shape, while its pedicle narrows and elon- 
gates, the latt<n* becomes tlie ojitic nerve, wliih* the former, 
surrounding itself with a strong fibrous i^clcrotlc coat, remains 
as the posterior chamlier <.)f the eye. The double env'cloiie, 
resulting from the folding of the wall of the cercliral optic ve.s- 
icle upon itself, gives rise to tlie retina and the ehoy*old coat: 
the plug, or ingrosvtli of connective tissia^, gelatiniz<^s and 
passes into the vitreous humor, tlie cleft by which it erittiied 
becom i ng obi iterated. 

Even in the higher Vertehrata the oiiiic; nerv(^ is, at first, 
"connected exedusively with the vesicle of the third vamtriele, 
and makes no ilecussation with its fellow. But liy degrees 
the roots of origin of each nerv^c extend ovm' to the opposite 
side of the brain, and round the thalamus, to the mesencepha- 
lon on that side, and tlio trunks of the two nerves become in- 
termixed bedow the third ventricle, in a close and complic-aterl 
manner, to form a chkwna. 

In Aniphloxus and Myxlne, the eyes are very imjx'rfoc-tly 
developed, appi^aring to consist of little more than a. rudimen- 
tary lens imbedded in the pigment, which onc1os(.‘S the tonni- 
nation of the optic iierv^e ; and, in Myxine, this ru<Iiineiitary eye 
is hidden by muscles and integument It appeals doubtful 
4 
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whetijor in these fishes, and in the Lampreys, the eye is de 
velopcd in the same way as in other Vertebrata, 

111 all other 'Vertehrata^ tlie eyes have the t ypical structure, 
though sometinies, as in tlie Blind-fish {A^^fihlyopHis) and the 
Mole, they have no functional importance. In the Iclitliy- 
opmia and .Sauropsicla^ but not in Mammalia^ the sclerotic 
is often partially ossified, the ossification usually forming a 
ring around its anterior moiety. It becomes enormously 
thickened in the Cetacea, 

Except in Amphioxus and the Myxinoid fislies, the eye- 
ball is moved by six inuseles ; of these, four, proceeding from 
the interior of tlie orbit to the peri|)hery of the eyeball, and 
surrounding the optic nerve, arc termed superior, inferior, in- 
ternal, and external rectL The other two arc connected with 
the upper and tlie lower margins of the orbit respectively, and 
pass thence to the outer side of the bulb. These are the mipe- 
rior and the in fenor ohlkpiL In many Reptiles and Mam- 
mals a continuous funnel-shaped sheet of muscle, the niuscu’- 
lits choanoidefi, lies witiiin the four 7'ectiy and is attached to 
the circumference of i he postmlor moiety of the ball of the eye. 
It would a.pp<?ar, from the distribution of the nerves, which 
has already been described, that the miiscidns ehoanoides^ 
the external rectus^ and the nictitating muscle, constitute 
a group of eye-niuscles morphologically distinct from the othei* 
three rect/\ the obl/qu?\ and the levator palpehrm superiorls. 
In many Reptiles, and in the higher Vertebrata^ the eyelids 
are closed by circular muscular fibres, constituting an orbicu- 
laris palpebrarum,^ and are separated by straight fibres pro- 
ceeding from the back of the orliit, usually to the upper eye- 
lid only, as the levator palpebra^ superior is y but sonietinn^s to 
both lids, when the lowtT muscle is a depressor palpehrm Infe- 
rior is. 

The Harderiau and laciiryinal glands are not found in 
fislies ; but the former is nu't with in tlie IBatrachia,, and both 
are of common occurrence in the Sairropsida ;nid Mammalia, 

III ^Lacertllia,^ Crocodilia^ At^es, and many Fishes, a pecu- 
liar vascular membrane, covered with pigment, like the cho- 
roid, projects from near the entrance of the optic nerve, on the 
outer side of the globe of the eye, into the vitreous humor, 
and usually becomes connected with the capsule of the lens. 
This is the pecten, or marsiiphim, 

I'he .Ear, — The first rudiment of the internal ear is an in- 
i^olution of the integument into a small sac, which is situated 
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on eaoli side of the posterior , cerebral vesicle, just above the 
end of the second visceral cleft. The mouth of the involution 
soon closes, and a shut sac results. The sac enlarges, and, b^ 
a remarkable series of changes, its upper part becomes (ordi- 
narily) converted into three semicireidar canals — the anterior 
and posterior vertical^ and the external or horizontal canals 
of the merabranous labyrinth. The body of the sac remains, 
for the most part, as the vestUmle ^ but a ca^cal process, which 
eventualiy becomes shut off from the vc^stibule, is given off 
downward and inward, toward the base of tlu? skull, and is 
tiie rudiment of the scala media of the cochlea. This may be 
called the ^nembranems cochlea. 

In the anomalous vertebrate, Am]>hioxus^ no car has yet 
been discovered. Tlic {Mymne) has only one, and in the 
Lampn^ys (Petromyzort) there are only two, semicircular ca- 
nals; but, in fishes in general, all iliree are developed, and it 
is a question wdielher tlie cochlea is not also repn^seuied. 

In fishes, the periotic (uirtilagc and its ossilicatioiis enclose 
this membranous labyrinth, extern»a]Iy, and present no merely 
rnembraiious gaps, ov Jenest')\v^ towar<I the first visceral cleft, 
or the space whicli re|)resenls it. 

But in higlicr Vertebrata {Amj^hibla^ ^auro}mda^ Jtlmn- 
malia)^ in which the niemi>ranoiis labyrinth is always (aicJosed 
within a complete periotic cajisule, th(i outer wall of 

this capsule invariably remains uno.ssilied ovct oik? or two 
small oval areie, wliich consequently app<*ar like windows with 
membranous panels, and are termed lh(‘ Jmestra o calls and the 
fenestra rotunda. 

Tlie fenestra ovalis is situated in tliat part of the periotic 
mass which bounds tlie ehamber containing the membranous 
vestibule externaiiy ; and it is always found tluit, wlien both the 
pro<)ti<; and tlie opistliotic l>oiu\s exist, they contribute nearly 
equal shares to the formation of its boundaric^s. In fact, the 
fenestra ovcdls is situated in tlie line of jimetion of these two 
bones. The fenestra, rotunda^ on the otlun' hand, is below 
the fenestra oindis^ and li<*s altogether in the opisthoLic. It 
forms part of the outer wall of the cavity in which tluj mem- 
branous cochlea is lodged. 

In the Saaropsula and Alammalia^ this membi*anous coch- 
lea, become flattcmed and bandlike, and its conmiimicaiion 
with the vestilnilc ol>U' crated, is lodged in a conical f*avity, in 
such a manner as to divide that cavity into two portions, 
called scalo}^ which only coinmuriieate at their apices. Tlie 
base of the one scala, called scala vestlbuH^ opens into tho 
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cavity which contains the membranous vestibule : that of the 
other, scala tyrnpaai^ abuts ag*ainst, and is as it were stopped 
by, tlie membran'e of the fenestra rotunda. The cavity of the 
membranous cochlea si retched between, and helping to divide, 
these two smhv^ is called the scala media. 

In Reptiles, Rirds, and Ornithodol])hous Mammals, the 
cochlea is only slig‘htly beat or twisted upon itself. But, in 
the Mammalia,^ it becomes coiled in a Hat or conical 

spiral of one and a lialf {(Jetaeea,^ Krlaaccus) to five {OiJcfo- 
genys .Paea) turns. 

The mombranouvS labyrinth is filled with a clear iluid, the 
endolyniph^ and usually contains otolithos of various kinds. 
Between the membranous labyi'intli and the Avails of the cav- 
ity of the periotic mass in which it is contained, lies another 
clear Iluid, \\\q perilymph^ which extends thence into tlie scakn 
vestihull and tympani. 

In all animals v/liic^h [) 0 ss('ss a Jv/nestm ovaUs,^ its mem- 
brane gives attach immt to a disk, wlienco an ossilied rod, or 
arch, proccMMls. Where tlnj former structure obtains, as in 
Birds, most Reptiles, and some Amplvihia^ the bone is coin- 
monly called eolamella auris ; when tin? latter, as in most 
Mammals, stapes. But there is really no difrerence of impor- 
tance betwcjen stapes and ia}lura<dl% and it is advisable to use 
the former name for tluj bone under all its forms. 

In the majority of of higher organization than 

fishes, the livst visceral cleft does not become wholly obliter- 
ated, but its upjxu* pai’l. remains as a transversely elongated 
cavity, by means of which the pharynx would bo placed in 
communication with the 'exterior, were it not tliat the oppo- 
sit(3 sides of tlio canal grow tog(?tlicr into a membranous |^ar- 
tition — the 7ne>ahmna tympani. So much of the canal as lies 
external to this is the external auditory rneafus ; wliile wliat 
lies internal to it, is the tympa?iU7n, or drum of the ear, and 
the EastachUtn tuhe^ which places the tympanum in coimuimi- 
catiou with th(^ pharynx. While the outer wall of tlnj tym- 
panum is the tympanic membrane, its inmw wall is the periotic 
mass with feuestre^, ; and, in all Vertehrata below Mam- 
mals, the outer end of the stapes is (dther free, or, more com- 
monly, is fixed to the tympanic membrane, and tints tin? latter 
and the membrane of the ovaHs become mechanically 

connected. In all those animals the imindible is connected 
witli the skull by the intermediation of an os quadratam. 

But, in tlie Mammalia^ the mandible is articiulated directly 
with the squamosal, and the quadraiimi is converted into one 
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of the so-called ossicula axidlM.% and nanied the malleus. The 
malleus becomes attaclied to the mmibrana tymp(i7i% by a 
special process ; 'while its other ^extremity, wliich was continu- 
ous with Meckel’s cjirtilage in the einl:)ryo, is converted into 
the 7>7*oc(3.s\s?/s firacllis^ or ludumu.% and lies between tiie tym- 
panic, the squamosal, and the periotic bones. 

In the singular lizard Sphoiodon (A, Fig^. 24), the anterior 
cornu of the hyoid is continuous with the distal end of the 
stapes, and the latter sends a cartilaginous proc(,\ss upward, 
which passes into the wall of the periotic capsule, just behind 
the proximal end of the os quadrat um. Thus the stapes 
stands out at right angles to the hyoid cornu, and the latter 
becomes divisible mUy ii svpira-sUqx^clM part, and a part winch 
lies below tlie stapes, and answers to tlic styloid process, or 
stylohyal^ of the Mat uirt alia. The su})ra, -stapedial part is rep« 
resented by Ciiriilage, or ligament, in olher /Sauropstda^ but 
seems ]K)t to ossify. In the Manimnlia^ (B, Fig. 24), the su- 
pra-stapedial |>art ossilies, becomes the iticvs^ and its jwoximal 
end is usually articulated by a synovial joint w ith the maUeus 
(= qiiadratim). A distinct ossification, tljo os orbicidare,, 
usually aris(.'.s at that part of the liyoidcan cart ilag'O in ^vhicl! 
the stapes and the ineas unite. That part of tln.^ hyoidean 
cartilage which is converted into llie styloid ])rocess is gen- 
erally conncctoil with the orhUidare by muscular libres, w)u(*h 
constitute the staptedius myx^iAo, On the other hand, the pos 



Vio. 24.~niain’;nTi of the* skolotoTi of tlic first and aeoorid viscvml archos in a Lizard (A) 
Mammal (II), and an Ossooos Fish (C), 

The ski loton of the first visceral arch is shaded, that, of the second is left nearly unshaded. 
/. Fir.st vtseoral arch. McckeFs cartihifre. Jirf. Aidi<'nlai(\ (t/f. V)uadi-atum. 

J/pt Meta[jt('rvjroi<l ; Jff. Millions ; IVoe^-ssus frraeilis. JI. Second visi-eral ai-eh. 
////, llyoiiloan corMij. AV. If. Stjdohyal. S. Stapedius. Sfp. Stapes. X Sripra- 
etapedial. JIM. II\ omandilmlar, - The arrow mdicates the ilrst visceral eleft. Pc. The 
periotic capsule. Pig. The ptoryg-old. 


terior, or short ])rocess of the incus.^ is connected by ligtiment 
with that part of the periotic rhass into w4uch the styloid pro 
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cess is directly coniinned, and it is hard to say whether the 
styloid part of the hyoid is continued into the incus by these 
ligaments or by the stapedim , " But, however this may be, the 
malleus and the incus are the proximal ends of the mandibular 
and hyoidoan ardics ^osp('ctiveJ\^ 

In osseous iislics (C, Fig. 24), which have no fenestra ova- 
lis or stapes, the supra- stapedial part of the hyoid becomes a 
large bone — the h*/oynandihiilar. On the other hand, tlie 
proximal extroniity of the quadrate cartilage atropliies, loses 
its direct connection with the periotic capsule, and becomes 
distinctlj^ ossitierl, as tlie rnetapterygouL In the Sharks, CA^en 
the ascending, inetapterygoid, part of the qinidraie, is lost. 

The quadrate and supra-stai>edial portions of the fiist and 
second visceral arches coalesce in the Ghimmra^ Dipnoi^ and 
\i\XL\\y A nip] dbia^ into a single cartilaginous plate. 

In the Maninialia^ and to some extent in yives, osseous 
matter is deposited in the fibrous tissue which surrounds the 
sides and base of the tympanic membrane, and gives rise to a 
special tympame boiKx In most Mammalia^ ossification ex- 
tends into the sides and floor of the tymj)anuni and external 
meatus ; and a process of integument, chiefly derived from the 
second visceral arch, is converted into a concha^ or external ca 7 \ 

T^he Organ of Taste is the mucous nKUiibrane w hich covers 
the tongue, cs])ecially its posterior region, and probably also 
a part of tliat lining tlie faucCwS. When the sense is vvell de- 
veloped, the nuicous membrane is raised into numerous papillae 
of various fonns, and is avcII sujAplied with tilaments from the 
glossopharyugeal merve. 

The sense of l^ouc/i is diffused over the integument and 
over ilie mucous incmlirano of the buccal cavify, Avliich is, 
strictly speaking, a part of the iuteguineut. 

As special organs of touch in the higher Vertehrata^ the 
nervous containing ‘‘ tactile corpusclesf and the long 

facial liairs, Iho papillre of which arc^ well supjdicd Avitli nerves, 
termed vlhrlsscv^ may lie mentioned. 

Ill most, if not all Fishes, the iritegiiment of the body and 
of the head contains a series of sacs, or canals, usually disposed 
symmetrically on each side of the middle line, and filled with 
a clear gelatinous substance. The w'alls of the sacs, or canals, 
are abundantly supplied witli nerves, and the terminations of 
the latter enter rounded papilla?, Avhic-h [iroject into the gelati- 
nous contents. These sensory organs are knowui as the or- 
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gam of the lateral Unef or mucom canals;^'* and they 
were formerly supposed to be the secretory glands of the 
slimy matter which coats the bodies of fishes, and ^ which is 
really modified epidermis. 

The Alimentary Canal, — ^Tliis part of vertebrate organi- 
zation always (ixhibits a difFerentiatioii into mouth, pharynx, 
oesophagus, stomacli, and intestine ; and the last has ahs^ays 
a median, or nearly median, aperture on tli(5 ventral surface 
of tlie body. It may open by itself ; or into a cloaca^ or cham- 
ber common to it, the urinary and the genital organs. 

Tlie intestine is generally distinguishable into small and 
large ; and, at the junction of the two, one or two cmea arc 
frequently devel()[)ed from tlio former. 

The stomach and intestine are invested a peritoiuial 
membrane, and connected, bj'- mesogastrin and mesenteric folds 
of that nieinbrane, with the median dorsal wall of the abdomi- 
nal cavity. Glands appertaining to fhe lymphatic syKstem 
frequently abound iu the mesenteric folds, and a highly-vas- 
cular gland of this system, tlic spleen^ is abvays (except in 
Amjjhloxus^ Myxine^ and the Leptoeephtdidai) developed in 
close proximity to tlie stomacli. A pancreatic gland very 
generally pours its secretion into the anterior end of tlie intes- 
tine. Salivary glands very commonly open info tlie moutli ; 
and, iu the liiglier Vertehrata^ anal glands arc not unusually 
developed in conn eel ion with the termination of the rectum, 

Tiie structures connected wdth the alimentary canal of ver- 
tebrate animals, which are most charact(n*istic and peculiar, 
are the liver and the tec^tli. 

The .Liver, — In invertebrate animals this organ is always 
ultimately resolvable into ciccal tubes, the ends of the hepatic 
ducts, which are lined with an epithelium, and not reticulated; 
and it has no receptacle for the bile. In most Vertebrata the 
ends of the hepatic ducts have not been satisfactorily traced, 
nor is it certain that the immense proportional mass of hepatic 
cori^uscles is contained in tubes continuous with them; if such 
be the case, Mic tubes must be reticulated. The <lucts of tlie 
Vt^rbibrate liver very frequently pour the bile, directly or in- 
directly, into a receptacle, the gall-bladder, yLmphioxm stands 
alone among vertebrated animals, in having a ca3cal div^^rthm- 
lum of the intestine for a liver. 

The Teeth. — Teeth, in MoUnsca and Anmdosa^ are always 
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“ ccderoiiici” ciiticular, or epithelial structures. In Vertelmta 
true teeth are invariably cucleronic,’’ or developed, not from 
the epithelium of the mucous membrane of the alimentary 
canal, but from a layer between this and the vascular deep 
substance of tlio ondcroii, which answers to the dermis in the 
inteivuiuent. '^riie liorny ‘Heeth”of the Lampreys, and of 
Oniithorliyiichuii^ app<air to be ecderonic structures, honiolo- 
gt)us with the “ bafecn ” of the Cetacea^ with the palatal 
[dates of the ^irenia^ or the beaks of lairds and Reptiles, and 
not with true teeth. 

The dense calcified tissue called dentine^ characterized by 
the close-set parallel tubuli which radiate tlirough it, branch- 
ing as they go, constitutes the (diief mass of true teeth ; but 
the deuline may lx? coated wdlh ordinary bony tissue, which 
then receives the name of ccyrienturn^ and its crown may be 
cap[)cd with im])erforate, prismatically fibrous, enamel. 

The are moulded upon papillae of tlie mucous mem- 

brains, wlilch may he exposed, but are more usually sunk in a 
fold or pit, tlio roof of which may close in so as to form a 
dental sae. And tliero may be one sot of teeth, or several ; 
the sacs of ihe new teeth, in the latter case, being developed 
eithf^r as diverticula of the old ones, or independently of tliein. 

In the majojity of the Mammalia the teeth are JimitexJ in 
number, as well as definite in their forms and their mode of 
succession. There arc two sets of teeth, forming a first, decidu- 
ous^ or milk dentition^ and a second, or perraanent dentition. 
The deciduous dentition, when most completely developed, con- 
sists of Incisor, canine, and ynolar teefh. The incisors arc 
distinguislied from the rest by the lodgment of tlic upper set 
in the preinaxiihe, and tlie correspondence of the lower set 
with tlie upper. Tlieir number and form vary. The distinc- 
tion betw(^e^ canines and molars is one of form and position 
in regard to the remaining teeth; the most anterior of the 
teeth behind the premax illo-inaxillary suture, if it is sharp and 
projecting, receiving the T;am<3 of canine. There arc never 
more tliaii four canines. The other teeth are molars, and 
onlinarily do not exceed four upon eacli side, above and below. 
What is called a dc} dal formula is a (Convenient combination 
of letters and figures for making the number and disposition 
of the teeth obvious. Tims, let di, dc, dm, represent, respec- 
tively, the (h'ciduous or milk set of incisors, canines, and 
molars. Then, by ])Iaciug after each of these symbols figures 
aiTangcd so as to show the nunilx'r of tlie fr.'eth of the kind 
symbolized, on each side of each jaw, avo shall have the dental 
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formula of a given animal, 
over two years of age is thus- 


Tlie dental forir^ula of a cliild 

2.2 , 1—1 , 2.2 

■which means that the cliild should have two incisors, one 
canine, and two molars on eacli side of each jaw. 

The neck of the sac of eacli deciduous tootli gives oil* a 
diverticulum, in which one of the permanent tecAh is de- 
veloped; as it grows, it causes tlie absorption of tljo fang 
of tJie corresponding deciduous tooth, wliich thus becomes 
shed, and is replaced from below by the pc'rrnammt tooth. 
The same lettei’S, but witliout the prefix c/, are used for the 
permanent incisors and canines; liut the permanent teeth, 
which replace the deciduous molars, are: calknl premolars^ 
and have the symbol Furflieruiore, three or, it may be, 
four permanent grinding teeth, on each side of each jaw, are 
developed altogether liebiiMl the milk molars, and thus come 
into place without replacing any otlier tooth from below. 
Those are called molars^ an(l hav'C the symbol m. Thus the 
formula of the permanent dentition in Man is written : 

. 2.2 1—1 2.2 3 .:) 

Z, - p???, m, - tlKU'C 


1—1 


2.2 ' 3.3 


being two incisors, 


one caniiH^, two prcnnolars, and tlircc molars on each side 
above and below. It is a ruh^ of xevy g’cneral application 
among the Manimctlki^ that the most anterior molar comes 
into place and use bc^foro tlie <leciduous rnolai’s are shed. 
Hence, \vheti tlie hindermost preraolar, vliich immediately 
precedes the lirst molar, conu's into use by tljo shedding of 
tlie last milk molar, the crown of the first molar is alread 3 ^ a 
little ground down ; and this excess of wear of the first molar 
over the adjacent premolar long remains obvious. Tlic fact 
that, in the pra'inanent dentition, the last ])remolar is Jess 
worn than the first molar wdiicli immefliately follow^s it, is 
often a valua])lo aid iii distinguishing thii premolar from the 
molar scries. 

No vei'tebrule animal has teeth in any part of the alimen- 
tary canal save the mouth and pliarynx — exc(}j)t a snake 
{llachiodoti)^ which has a series of what must be tenned 
teeth, formed by the projection of the interior spitions pro- 
cess<\s of numerous anterior vertebne into the a*s(^phagus. 
And, in the liigliest t<ieth arc ('onfined to the pre- 

maxilla?, maxilla?, and mandible. 


The Gircxdatory Organs . — The heart of tin?, vert(3brato 
embryo is at first a simple tube, the anterior end of which 
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passes into a aardiac aortic trunk, while the posterior end is 
continuous with the great veins which bring back blood from 
the umbilical vesicle — the omphalomeserale veins, 

Tlie cardiac aorta immediately divides into two branches, 
each of which ascciuis, in tlie first visceral arch, in the form 
of a forwardly convex aortic arch^ to the under side of the 
riidimeutary spinal column, and then runs, parallel with its 
fellow, to the liinder part of the body, as ^primitive subverted 
hral aorta. The t wo primitive aortje very soon coalesce 
throughout the greater part of their length into one trunk, 
the definitive suhcertehral aorta / but the aortic arches, sepa- 
rated by the alimentary tract, remain distinct. Additional 
arterial " trunks, to the nuinlMn* of four in the higher Verte- 
hrata^ and more in the lower, are siajcessively developed, 
beliind tlio first, in the otlicr visceral arches, and farther con- 
nect the cardiac and subvcrtclwal aorta?. 

In tlic permanently branchiate Vertehrata^ the majority of 
tliese aortic arches persist, giving off vessels to the branchial 
tufts, and becoming converted into atfen^nt and cfleront 
trunks, wliicb carry the blood to and take it from these tufts. 
(Fig. 25, A, 13, C,M), K*) 

In the liiglier A mplilhia^ winch, thougli branchiate in the 
young state, l)Ccorne (entirely air-brcatliers in the adult con- 
dition, sucli as the Batraclda (Fig. 25, F) and Camilla.^ the 
permeable aortic archcis arc reduced to two (the middh? pair 
of the three which supply the external gills, and the fourth 
pair of embryonic aortic arclies) by tlie obliteration of tlie 
cavities of tlio dorsal ends of the others. Of the posterior 
arches, the rmnains of tlie fifth and sixth become the trunks 
which give off tin? pulmonary arteries, and, in the Batraclda^ 
cutaneous branches. The anterior, or third, }>rimitive aortic 
arch becomes the couinion carotid trunk, and ends in the 
carotid (jlaad^ whence the infernal and external i^arotids 
arise. In thosti Vertchrata, which never possess gills, tlie 
arches Ixicome rednctMl either to two pair, as in some Bacer- 
tilia • or to one pair, as in other lieptilm ; or to a siuglo 
arch, as in A ves ainl Alanvmalla, The aortic arches thus 
retained arc?, in the I/izanls in fjU(?stion, the third and the 
fourth pairs in ordt^r from befor<* backward ; but the fourth 
pair only, in otlicr lleptilcs ; iu llirdvS, tlu? right arch onlj’ of 
the fourth j^air; and in Mammals, the left arch only of the 
fourth pair. The fifth pair of arches give off the pulmonary 
arteries, the so-called ductus arteriosus representing the 
remains of the primitive connection of these arches with the 
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fourth pair and tbe sub vertebral aorta. TIuj dorsal ends of 
the first, second, and third arches become obliterated ; but 
their cardiac ends, and the branches which they give oll\ be- 
come the arteries of the head and upper extremities. 
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Fig. — A iritendwl to sl»o\v tho manner in wliich tlio aortic arches become molli- 

fied in the series of the Vertrb/'afa. 

A, A hypothetically perfect .series of aortic areboa, eoiTcspondinpr with the nine postoral vis- 
ceral arches, of which evidenco i» to bo found in some SharkvS and Marfiipohrttnchii. 
^iZOardiac aoitfi; AD. Dorsal or subvertebr.il aorta, i-ix the aortic arches eorre- 
spondinf*: with Mn.. the mandibular; lly.^ the hyoidean, and JirA — the seven 
branchial visceral arches, i, n, in, iv, v, vi, vit, tlia seven branchial clefts. The first 
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fi-mifiral clofL is loft tmniiinbored, and one must be added to the number of each bran- 
chiai cleft to mvo its number In the series of visceral clefts. 

li. llviiotlieticul diyfp^rnm of tljc aoi-tic Mrcbos in the Shark which has seven 

bmnchittl clt’fLs. *S';l The rcmaiiiH of the first visceral cleft as the spiracle. JJranchiro 
arc developed on nil the archos. 

0. Lepu/OHiroh — The first uicl» has disappeared as such, and the first vi.sccml cleft is ob- 
lileruled. tuteriial branehiai are developed in connection ^vith the second, fifth, sixth, 
and seventh aortic arches; external br;mchifie in connection xvith the tbnrth. lirtb, and 
sixth. 7T1. — d'ho i>nhnoi)ury artery. The posterior two visceral clefts are obliterated. 

D. A 'J'tdeoslean Fish. — 'fhe first .aortic arch and first visceral cleft are obliterated as before. 

'J’bo second aortic arch Ix ars tJie pseudo-branchia { whence issues thcophthalmio 

artery, to terminate in tlus choroid j;l:iiid (CA.). The next tour arches b«ir trills. Tlio 
.‘:o\ eihh an<l eiK-hth an-bes have been observed in the embjyo, but not the ninth, and 
the included ck fUs arc absent in tlie adult. 

E. TJu^ .\xolotl (Siredon), a ])orennibranchiate amjibiblan. Tlio tliU-d, fourth, fifth, and 

sixtli aortic arclics, and the anterior four l)ranchiai clefts, persist. The first visceral 
cktl is obliteraterl. 

F. The Frotr.— The three anterior a(n*tie arches are obliterated in th(^ adult. The place? of 

the third, which is conncctcid with the anterior external ^ill in the Tatlpole, Is occupied 
by tlio cojoinon carotid and the reic mirabile (cjirotid {rland, Ca. G.) which terminates 
it. The fourt h x>;;ir of aortic arches persist. Tlie fifth and sixth pair lose fhe-ir connec- 
thjiLS with the subvert<*bnil aortic trunk, and become the roots of the cutaneous and 
pulmonary arterk-s. 'J'lu? fust vi.seeral cleft becomes the tympanum, but all tiio others 
arc obliteratod in the adult. 


The cinbiyonic aorta gives off omjyhahmteseraic branches 
(Fig. o) to tlie umbilical vesicle ; and ends, at first, in the 
hypogastric arteries (which are distributed to the allantois in 
tlie abranchiate V(:rtchr(fta')^ and a median caudal continuation. 
The blood from the umbilical vesicle is brouglit l>aek, as befove 
mentioned, liy ilic oniplialomeseraic veins (Fig. 26, o')^ which 
unite in a diJatalion close to the head; the dilatation (w2?/5 
venosas) receives, on eacli side, a short transverse venous 
trunk, the ductus Ckmieri (Fig. 26, J)C)^ wdiich is itself 
formed, upon each side, by the junction of the anterior and 
posterior cardinal veins^ which run backward and forward, 
parallel with the spine, and bring back the blood of the head 
and of the trunk. 

Tlie blood of the allantois is returned by the xiYnhilical 
r)ein^ or veins (Fig. 26, which are formed in the anterior 
wall of the alidoiiKm, and open into the venous sinus before 
mentioned. The blood of llie posterior extremities and kid- 
neys is, after a while, brought to the same point by a special 
inciiiaii vein, the ‘cena cava inferior (Fig. 26, c?;). 

The deYelopmeut of the liver effccls th(^ first great change 
in the arrangements now described. It, as it were, interrupts 
the coursfj of the omphalomeseraic vein, which is not only the 
vein of tlie umbilical sai? but also that of the intestine, and 
converts it into a iiK’shvvork of canals, which communicale, on 
one side, with the cardiac ])art of tlie vein, and, on the other 
Bide, wnfh its intestinal part. The latter is thus converted into 
tlie vena portm (Fig. 26, vp)^ distributing the blood of the 
stomach and intestines to tlie liver ; w hile the former becomes 
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the hepatic vein {vli)^ carrying* the hepatic blood to the in- 
ferior cava, and thence to the heart. 

Tlic Miiibilical vein further gives a branch to the liver ; 
while, on the other hand, it cominunicates directly with the 
venous sinus (now almost merged in the vena cava i)iferior) 
by a trunk called ductus vcnosus (Fig. 26, j9v;). 



Fin. 2G, — Diacrrain of tho arni.n;^onu‘Jit of ilio in-iiicipnl vcssols 1 ji a hiiinan fiotns.—//’, thtj 
hea-rt; 2'<j. tho nortio triiuk or oanliac aorta; o, tlio oomiiioti carotiil ; o', tho oxtornal 
carotid; c", tlio Internal earolid ; k. subelavian ; vertebral artery; I, 2, 4, 5, tho 

aortic iircb os — tlio jiersistont aortic areh is hidden, yl', snbveriebral !i(»rta; o, om- 
j)haloiii(?.soralc ai’teiy^ to the uiiilnlieal vesieJe r, with its vitelline duet <ln ; o, oiri- 

phalomoseraic vein ; ep. the vena poj-ta'; L. the liver; ww, the hyr>o,irastric or iirnbille-al 
iirtorlos, with their idacentulraiuHieationH, 7/."; , 7 '. the innbilieal v('ln ; Di\ t he ductus 
vcnosus; -o/i, the hepatic vein ; the vena cava inferior; r//, th(j iliac veins; a vena 
a/ygos ; vc', a vena (Virdinalis posterior; IX^xx iiui'ttfs CtiHeri,; tlie aiiterl .r cardinal 
vein Is seen c^)mmejjci ng in tlie head and runnini^ down to tlic ductus Ouvieri on the 
under side of the numbers 1, 2, y, 4, 5; f\ tiui iungs. 


Wlicn the umbilical vt^siclc and allantois cetise to liave any 
further import, as at birth, or before, tlie ornphalomoseraio ar- 
teries have become intestintil artci*ios, and the omplialomestTaic 
vein, the vena pert:e. 'flic hypogastric ;irt(‘ries are obliter- 
ated, except so much of them as is convertiid into the common 
iliac arteries. The umbilical vein, or veins, also disappear, or 
are represented by mere ligaiiients. 
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Of the three veins which open into the venous stfc — viz,, 
the inferior oava, and tlie rig'ht and left ductus Cuvierv — all 
inav ptTsist, Ihc latter receiving the title of right and left sur 
perlor cavw. Or, as very often happens in the higher Verte- 
the left ductus Ciimeri becomes more or less olditerated ; 
the veins wliicli properly open into it actpiiring a connection 
with the right ductus^ which tlien remains as the sole superior* 
cava. TIh^ postcjrior cardinal veins give off anastomosing 
brandies, wliicli are converted into the venm azi/[/os / tlie an- 
terior cardinal veins become metamorphosed into the external 
jugular veins and vence innominaim. 

Til Fishes, the sinus venosus and the cardinal veins persist 
throughout life ; but tlie anterior cardinal veins, which bring 
back tlie blood from the head and from the anterior extremi- 
ties, arc called vena} jugulares. 

The caudal veins are either directly continued into the 
cardinal veins, as in Marslpoln-anchii and Elasmohranehil^ or 
branch out into tlie kidneys, as in many IHcosteL In either 
case the efferent i cmal van ns open into the cardinal veins. 

The portal veins, convening the blood of the chylopoictic 
viscera, and sometimes that of other organs and of the alidorni- 
iial walls, may be one or many. \\\ AmpMoxus and Myxim 
the vein is rhytlimically contractile, and forms a portal heart. 

In mixA Amphibia and ReptUla the sinus venosus persists, 
and is rhylhmically contractile, valves being placed at its 
opening into the right auricle. 

The anterior cardinal veins are represented by jugular 
veins, the posterior cardinal by vertfffiral veins ; these, and the 
veins of the anterior extroniities, when tliey are present, pour 
their lilood into the ductus Cuvleri^ which arc now termed a7ir 
terior venm cava’, 

Th(? vena cava inferior takes its origin chiefly by the coa- 
lescence of the efferent veins of the kidneys and reproductive 
organs, and does not always rec<five the whole of the hepatic 
veins — more or fewer of the latter opening independently into 
tlie sinus venosus. 

Th(i blood wliicli leaves the kidinys by its efferent veins 
is supplied, not ordy by the renal arteries, but by the veins of 
the caudal region, and of the liinder extremities, which branch 
out like a vena ^jortec In the subslance of the kidneys. This 
renal portal system is less developed in ReptUia than in A in- 
phlhia. All the blood of the posterior extremities and caudal 
region does not traverse the kidneys, liowever, more or less 
of it being led away by great branches of the iliac veins, which 
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run along the anterior wall of the abdominal cavity, either as 
two trunks, or united into one. These venm abilorninales an- 
teriores arc eventually distributed to the liver, along with the 
branches of the proper venm j)orta\ 

In JSlrds^ the shms venoms is not distinct from tbe right 
auricle, and there are two anterior venm cavm, Tht^ vena 
cava inferior arises, as in Mammals, by the union of the two 
common iliac veins. It r<iceives both the rigljt and the left 
hepatic veins, and, in addition, the anterior abdominal vein no 
longer enters the portal system, but passes up the anb^rior 
wall of tlio abdomen and through the hepatic fissure io join 
the inferior cava. 

The caudal and pelvic veins unite into tlircc principal 
trunks, of whidi one is median and two are lateral. The 
median enters into the [)ortal system. The lateral branches 
pass along and through the kidney, rc'ceiving veins from it, 
but giving none to it ; and eventually, aftf^r receiving the 
ischiatic veins, unite v ith the crural veins to form the common 
iiia(ts. Thus there is no renal portal system in birds. 

In Miimmalla\, the simts venosus is not distinct from the 
riglit auricle. Tlie anterior carer are fro({uent]y rc^duced to 
one, the right. Tlie vena cavaj inferior (jomuuMices in the 
caudal region, and receives all the blood of the 
moiety of tlie body, except so much as is carric(l a\A'ay by the 
azygous veins. Tlic anberior abdominal venns arc ropr(^sented 
only during fecial life, by the umbilical vein or vcaiis. Tlie 
efferent veins of the kidneys open din'cliy into the trunk of 
the inferior vena cav’^a. and tlie* poiial vein is r‘ompos('.d 
exclusively of radicles proi'ceding from the cliylopoietic 
viscera. 

ISfaiiy of the veins oi Amp ] thci poi tal vein of Nyxr 
ine^ dilatations of tln^ eaiidal vein in the Kel, the veiux^ cavm 
and the iliac and axillary veins of many yirnphihhi^ the veins 
of t lie wing of Bats, possess a rhythmical eontraetility, which, 
in coinliination with the disposition of thdr valves, assists the 
circulation of the blood. 

In Vertehrata of ail classes, and in very diverse ])arts of 
the body, both veins and arteries occasionally break up intf> 
numerous branches of nearly equal size, whicli may or may 
not unite again into larger trunks, Tlieso arc called retia 
mirahUla. 

Modifications of the Heart, — Great (liangt\s go on in the 
structure of the heart, pari pdssuvrhh the moditications of the 
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rest of tlic circulatorv system, in the derelopment of the 
hig'hest VeHchrata. The primitively simple tube becomes 
b(3iit u])oa itself, and divided from before backward into au 
aortic, or vvMtHciilar^ and a venous, or auricular, portion, A 
mcclian septum then gi’ows inward, dividing tlie auricular and 
ventri(*ular cliair.Ocrs into two, so that a ri^lit auricle and 
rig'ht vcmtricle beciome separated from a left auricle and left 
V(?ntrielc. A similar long'itudinal division is etfccted in the 
cardiac aorta. Tlic se[)ta are so disposed in the auriculo-ven* 
tricular clKiinber tlnit the riglit auricle communicates vvitli the 
venous sac and the trunks of the visceral and body veins, 
while only tlu^ veins from the lungs eTiter into the left auricle. 
And the cardiac aorta is so divided that the lefi; ventricle com- 
municates witli the chief aortic trunk, tlie right with the pub 
inonary artery. Vhilvos nvc develop<al at the auriculo- ventric- 
ular aperl un^s and at the origins of t.ho aortic and pulmoufiry 
trunks, and thus the (X)iirse of the circulation is iletermined. 
The septum beUveen the auricles remains iucom|>lcte for a 
much lotiger |)ericxl than that between tlie vtmiricles — and 
th(j aperture, by whicdi the auricles coinnumicatc is called the 
Jbramen ovale. 

In the adult state of Aves and Mammalia, the foramen 
ovale is closed; there is no dirc-ct eommunleation between the 
arterial and v<;nous cavities or trunks ; there is only one aortic 
arch ; and the [>ulmonary artery alone arises from the right 
ventricle. In the Crocodilia, the auricles and ventricles of 
opposite sides arc completely separate ; but there are two 
aortic arclu^s, and one of theses, the left, arises from ‘tlie right 
ventricle along with tlie pulmonary artery. In all lieptilia, 
(except CJrot:oililos, there is but one ventricular cavity, though 
it may bo dividcil more or loss distinctly into a cavimi veno- 
swn and a cavum arterloswti. Tlie auricles are completely 
separated (exce[)t in some Chelonki), and the blood of the 
left auricle Hows diretHly into the cavum arteriosam, while 
that of the right passes immediately into the cavum veuoswru 
The aorth? arches and the pulmonary artery all arise from the 
cavum veaOHum (or a. special subdivision of tljat cavity called 
the ; tin? ostium of the pulmonary artery 

being fartliest iVurn, and that of the right aortic arch nearest 
to, the cavum arlerioHum, 

In all Ampliibia, tln^ spongy inferior of the ventricle is 
aivdivideil, and the lieart is trilocular, though tlic auricular 
-ieptum is sometimes sinall and incomplete. In all Pisces, ex- 
cept Lepidosire^i, there is no auricular septum. In AmphU 
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OU.US the heart remains in its primitive state of a simple, con- 
tractile, nridivi(l(Ml tube. 

In the Ganoidei^ tlie Mlasmohrandill^ and the Amphihia^ 
the walls of the cnlarg’ed commencement of the cardiac aorta, 
called the hulhus aortm^ contain striped niuscidar fibre, and 
are rhytlimically contractile. 

TJic Ganoidei and Klasmolmimdul possess, not merely the 
ordinary semilunar valves, at the junction Ixdween the Axmtii- 
eJe and the cardiac aorta, but a variable immlKu- of additional 
valves, s(;t, in transverse row s, upon tln^ iniun* wall of the 
aortic bulb. 

The eljange of position which the In^art and the great ves- 
sels of the liigiiest Vcrtdymta undergo during embryonic life 
is exceedingly remarkable, and is repea ted as we ascend in th<? 
scries of adult vertebrates. 

At first, the heart of a mammal lies under the itiiddle of 
the licad, immediately behind the first visiuu’al a relies, in wliich 
tiie first pair of aortic arches ascends. As the oilun* pairs of 
aortic arch (?s are devclop<;d the Jieart moves ]7aclvn'ard ; but 
the fourth pair of aoil ic ardies, by tlio modilication of one of 
whicli the jicrsistent aorta is formed, li(»s, at lirst, no fartlier 
back than the occipital n^gion of the skull, lo wludi, as we 
have stHui Jibove, ihe fourth pair of \ isceral arcings belongs. 
As the two pairs of (^ornna of tlie hyoid belong lo tlie second 
and tlio third visceral arches, tlit^ larynx is probably d(3veloped 
within the region of the fourth and JilVh visoca'al arches ; hence, 
the bra.nch<3S of the pneumogastric, with wliicli it is supplied, 
must, originally, pass dirt^ctly to their detstination. But, as 
development proceeds, the aortic arches and the heart become 
altogether detached from the visctiral arches and move back, 
imtil, at lengtli, they are lodged de(‘p in tlie t}iora,x. Hence 
the elongation of the carotid arteries ; licnce also, as the 
larynx remains r<datively stationary, the singular courS(3, in 
the adult, of that branch of the piummogaslric, the renirrent 
laryngeal^ whicli priinitivxdy passed to the laryngeal region 
behind the fourth aortic arch, and cons( 3 (|uent[y becomes 
drawn out into a long loop — the middle of it being, as it 
were, pulled back, by the ret I’ogression of the aortic arch into 
the thorax. 

The .IBlood-Corptiscles, — Oorpusf.vhis are contained in tho 
blood of all Vertebrata. In Amphloxiis they are all of one 
kind, colorless and nucleatol. The genus Jjeptocephalm^ 
among Die is said to possess I he same peculiarity; 
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but, in all other known Vertehrata., the blood contains corpus 
cles of two kindxS. 

In I<;hfJiyopslda and Sauropslda^ botli kinds are nucleated ; 
but one set are colorless, and exhibit ania^boid movements, 
while tljo others are red, and do not display con t rac till tj". 
Except in tlie Marslpobramddi^ which have round blood-cor- 
j^uscles, tlie red cor])nsclcs are oval. They attain a larger size in 
the percniuhranchiate than in any other Vertebrates. 

In Maminalut^ tlie blood-corpuscles are also of two kinds, 
colorless and rcnl, tlie colorless possessing, and the red being 
devoid of, nuclei. It is but veiy rarely that a nucleated cor- 
puscle, with a r(id tjolor (‘specially' developed about th(‘ nu- 
cleus, is scon in Manunalian blood ; but such cases do ocx'ur ; 
find, from this and other c ire tan stances, it is probable that the 
Marnnuilian red corpuscle is a frec-colorcd nucleus. 

The colorless corpuscles of Mmnmalia are sph(jroidal, and 
exliil)it anuelioid niovernents ; the red corjniseles are flattened, 
usually circular, but soincliines oval (^(Ja7ndida^ disks, devoid 
of oontractilily. 

The Lym]}hatlc System, — This system of vesseds consists, 
chiefly, of one or two prineijial trunks, the thoracic d/iict^ or 
ducts^ which underlie the vertebral column, and communicate, 
anteriorly, wiili fhc siqxu-ior verue cavm, or with the veins 
wlii(*li oj)cn ill to them. 

From these trunks, branches arc given off, which ramify 
through all parts of the body, except the bulb of the eye, the 
cartilages, and the bones. In the higher Vertehrata^ the 
larger branches are like small veins, provided with definite 
coats, and %sutii viilves opening to ward the larger trunks, while 
thciir terminal ramifications form a ca[>illary net-work ; but, in 
the lower Vertebrates, the lymphatic clianncls assume tlie form 
of large and in'cgular sinuses, whirdi not unfj*equently com- 
pletely surround the great vessels of the blood-s^'stern, 

'Idle lyin[)halics o[)en into other parts of the veiions svs- 
toni besules the allluents of the superior cava?. In Fishes 
there are, usually, two caudal lymphatic sinuses which open 
into the commencement of the (;andal vein. In the Frog, foui 
such sinuses communicate with the veins, two in the coccy- 
geal, and two in the scapular, region. TJie walls of these si 
nuses are muscular, and contract iliythiui(‘ally, so that they re- 
ceive the name of Ti/niphalic hearts. The posterior pair of 
these hearts, or non-pulsating sinuses corresponding with 
them, arc met with in Jieptllla and Aves, 
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Accumulations of indifferent tissue in the walls of some of 
the lymphatic sinuses are to be met with in Fishes ; but it is 
only ill the Orocodilla^ among* lieptilia^ tliat an accumulation 
of such tissue, trav^ersed by lymphatic canals and blood-v"esscls, 
is apparent, as a J^yrnphatie gland^ in the mesentery. Birds 
possess a few glancis in the cervical region ; and, in Mam- 
malia^ found, not only in the mesentery, but in many 

parts of the liody. 

The Spleen is substantially a lympliatic gland. The 
muSi — a glandular mass with an internal cavity, but devxnd of 
any duct — which is found in all VerteJrrata exce[)t j\.mphioxas^ 
appears to belong to the same category. It is developed in 
the neighborhood of tlie primitive aortic arches, and is double 
in most of the lower Vertebrata^ but single in Mammalia, 

Tlie nature of two other “ ductless glands,” the Thyroid 
gland and the Suprarenal eapmles^ wdiich occur very widely 
among the Vertebraki, is by no means well understood. 

The thyroid gland is a single or multiple organ, formed of 
closed follicles, and is situated near the root of the aoi ta, or 
the great lingual, or cervicjal, vtissels wliich issue from it. 

The sui)rarenal c'i]>sules are follicular organs, often abun- 
dantly supplied willi nerves, wliich appear to oermr in Fishes, 
and are very constant in the higher Verlebraia^ at the anterior 
ends of the true kidiuws. 

I'lie Jjymph OorjmsalcSy which float in the plasma of the 
lymphatic Iluid, always resemble the colorless corpuscles of 
the blood. 

The licspiratory Organs , — Ycrtcbratcd animals may pos- 
sess cither hrayichim for broatliing tlie air contained in water, 
or lungs for atinosjihcric respiration; or they may possess 
both kinds of respiratory organs in combination. 

Except in A.mpluoxus^ the brmichim are always lamellar, 
or hlameiitoLis, appendages of more or fewer of the v'sceriil 
arches; being sometimes developed only on the proper bran- 
chial arches, sometimes extending to tlicj liyoidean arch, or 
(as would appear to be the case with tlie spiracular bran- 
chiae. of some fislies) even to the mandibular arch. The bmii- 
chiic are always supplied with blood by the divisions of the 
cardiac aorta; and ilie dillerent trunks which cany the aerat<^d 
blood away, unite to form the subvcrlebral aorta, so that all 
vertebrated animals with exclusively branchial respiration 
have tlie heart filled with vcnaiis blood. 

In the early life of many branchiated Veriebrata^ the bran* 
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cliijB project freely from the visceral arclies to which they are 
attacljcd, on tlie exterior of the body; and in some Amphibia^ 
such as the Axolotl [Siredoti)^ they retain their form of exter- 
nal plume-liko a])pendai!res of the neck throughout life. But 
in the julult life ot most Fishes, and in the more advanced con- 
dition of the l\idjK:»]es of the higher Arnphibia^ tiie brarichiie are 
internal^ being composed of shorter procevssos, or ridges, which 
do not i)roJect beyond tlie outer edges of the branchial clefts; 
and, generally, l^ecornc covered by an operculum developed 
from the S(‘Cond visceral arch. 

Tiie Imujs of vertebrated animals are sacs, capable of being 
filled with air, and developed from the ventral wall of tlie 
pharynx, with which they remain connected by a shorter or 
longer lube, the tracbea^ the division of this for each Imig 
being a br<>nchi(s. Venous blood is conveyed to them directly 
from the heart by tlie pulmonary arteries, and some * or all 
of the blood whicii tliej receive goes back, no less directly, to 
the same organ by the piihnonary veins. 

The vascular distribution thus described constitutes an es- 
S(aitial j)ari of the delinition of a lung, as many lislies possess 
liollow sacs iillcd with air*; and these sacs are developed, oc- 
casionally, from tlie ^'enll‘a], though more commonly from the 
dor'sal, wall of the plnuynx, fesopliagus, or slomacln But 
such air-sac'S — even ^vdlc^ tluy remain permanently conuceded 
w ith the exterior by an open passage or pneumatic duct — are 
airddadders^ and not lungs, Viccausc they receive their blood 
from the adjacent arteries of the body, and not dircict from the 
heart, while their elTerent vessels are connected only whli the 
veins of the general circailation. 

The wall of each pnlmonic air-sac is at first quite simple, 
but it soon becomes cellular by the sacculation of its parietes. 
In the lower pulmonated Vertehrata^ the sacculation is more 
marked near the ciitnuicc of the bronchus ; and when the lung- 
sac is long, as in many A tnpJdbia and in Snakes, the walls of 
the postcTior end may retain the smooth condition of the em- 
bryonic lung. Tn C/ielonia and Crocodilla^ the hmg is com- 
pletely cellular throughout, but the bronchi do not give olT 
branches in the lungs. In Birds, branches are given off at 
right angles ; and, from tliesc, secondary briuidies, which lie 
parallel with one another, and eventiially anastomose. In 
Mammalia^ the bronchi divitle dichotoinously into finer and 
finer broiuhial tul)es, which end in sacculated air-cells, 

* Genonilly all, but in some Amplrthm^ 8ucl» us Proteus^ part of the blood 
supplied to ib'o lun^s enters the general cireulation. 
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Blind air-sacs are g-iven off troin the surfaces of the lungs 
in the and the principal bionchial tubes termi- 

nate in large air-sacs in 

The Larynx and the ISyrhix. — The trachea is cominonlj 
kept open by complete, or incomplete, rings of cartilage, and 
the uppermost of thcwsc undergo s|)ccial modifications, w Jiic^h 
convert them into a Larynx^ an organ which, under ccitain 
circumstances, becemes an instrument of voice. 

M^hen completely de\'e]opcd, the larynx presents a ring- 
like cartilage called cricoid^ which lies at the summit of the 
trachea. AViih the anterior and dorsal edge of this, two aryt- 
enoid cartilages are movably articulated, and a thyroid car- 
tilage of a V-shape, open behind, is articulated movably wilh 
its sides. Folds of the mucous membrane, containing elastic 
tissue, termed the rocal cords^ stndcli from the arytenoid car- 
tilages to the reentering angle of the thyroid cartilage, and 
betw<H*n them li(.‘S a slit like ])assage, the yloUis, 'll i is is cov- 
ered by a cartilage, the epiylottiH^ attached to tlie reentering 
aimle of the thvroid, and to the bas<? of the tongue. Folds 
of mucous membrane, extending from the ejriglottis to the 
arytenoid cartilages, are tlie arycpiyli^ttlc ligaments. '!llie in- 
ner surfaces of these end below in t}j(^ falae vocal cords^ be- 
tween which and the tiue chordm vocaks lie rocess<'s of tlie 
mucous inmnl)rane, tlie ventricles of the larynx. 

The chi(T accessory cartilages {ire the cartihiyes of il^an- 
torini^ attached to the summits of the arytenoid (‘aililages, 
and the cart Hayes of Wrisberr/y which lie A\it hin tla^ aryc^pi- 
glottic ligaments. 

Birds possess a larynx in the onliiiavy pi sition ; but it is 
another apparatus, tlie lower larynx or syrinx^ developed 
either at the end of the traelK*a, or at tluj commencement of 
each hronchus^ which is their great voi^al organ. 

77ie Mechanisni Tlie meclianism by wliich 

the ack'ating mediiirn is renewed in th(\se different respiratory 
organs is very various. Among brancliiaied Yertehrata^ Am- 
phioxtis stands alone in having ciliated branchial organs, whicli 
form a net-work very similar to the perforated phuryngeal wall 
of the Ascidians. Most Fishes breathe by taking aerated wa- 
ter in at the month, and th(m slintting tlio oral {iperture, and 
forcing the water through the branchial ckdls, win n it Hows 
over the branchial filaments. 

Pnhnoiiated Vertehrata^ wliich have tlie tlioracic skedeton 
incomplete (as tlie Anqyhihiof breathe by disiending tlieir 
pharyngeal cavity with air ; and then, tlio mouth and nostrils 
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being sliut, pumping it, hy the elevation of the hyoidean ap- 
paratus and floor of the pliavynx, into tlie lung’s. A Frog, there- 
fore', cannot lireatho properly if its mouth is kept wide open. 

In most HepHlia, and in all and .MammaUa^ the ster- 

niini and ribs arti capalde of moving in such a way as alter- 
nately to increase and diminish the capacity of the thoracico- 
abdominal cavity, and thereby to give rise to an inspiratory 
and expiratory flow of air. 

In tlie lleptUla^ the olaslic lungs dilate? with the inspira- 
tory, and contract with the expiratory, act ; but, in Aves^ the 
air rushes through the principal bronchial passages of the fixed 
and little distensible lungs, into the very dilatable and coni- 
pressilfie air-sacs. From these the act of expiration expels it 
back tlirough the princapal bronchial passages to the trachea, 
and so out of the body. 

Both ill JfleptUia (e. g., Gheloida) and in Aves^ muscular 
fibres pass from the ribs to the surface of the lung*s beneath 
the pleuroperitoneal membrane, and this rudimentary dia- 
phragan acquires a very considerable development in the Jia- 
or strutln’ous birds. So far as the contraction of tliese 
fibrcjs tends to remove tlie ventral from the dorsal walls of tlie 
Iniigs, they must assist inspiration. But this diaphragmatic in- 
sjiiration remains far weaker than the storno-costal inspiration. 

Finally, in the ALxramalla^ there are two equally-important 
rcs])iratory pumps, the one storno-costal, the otlier diaplirag- 
matic. d^he dlap/irapm^ though it makes its appearance in 
Sauropslda^ only becomes a complete partition between the 
thorax and the abdomen in mammals ; and, as its form is such 
tli;it, in a state of rest, it is concave toward the abdominal 
cavity, and convex toward the thorax, the result of its con- 
traction, and consequent flattening, necessarily is to increase 
the cjipacity of the thorax, and thus pump the air into the 
elastic lungs, which occupy a large part of the thoracic cavity. 
When the dlapiiragrn ceases to contract, the elasticity of the 
lungs is sulTicieul to expel the air taken in. 

Thus, mammals have two kinds of respiratory mechanism, 
either of wliich is efficient by itself, and may be carried on in- 
dependently of the other. 

The Renal Or(/ans,— V\ie higher Vertebrata are all pro- 
vided with two sets of renal organs, the one existing only dur- 
ing the early fcetal state, the other persisting throughout life. 

The former are the Wolffian bodies^ the latter the true 
ICidneys, 
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The Wolffian bodies make their appearance very early, on 
each side of the ventral aspect of the spinal reg-ion of the em- 
bryo, as small transversely-dis})oscd tnbnli, opening into a duct 
which lies upon their outer side, and enters, posterioiiy, into 
the base of tlie allantois, and thence into tlic primitive cloaca 
with whi(di that structure is connectcal. The Wolffian duct is 
one of the first-formed structures in the cuibrj^o, and precjcdcs 
the tubuli. 

The ICidneys appear beliind the W olffian bodies, and, ap- 
parently, independently of them ; their ducts, the 'ureters^ are 
also distinct, but likewise terminate in the pelvic part of the 
allantois. Thus the urinary secretion passes into the allantois, 
and it is that portion of tliis organ which lies within the abdo- 
men, and becomes shut off from the rest by iho eonstriction 
and obliteration of the cavity of an intermediate part, and its 
conversion into the iMXiehtis^ that gives rise to the urhiajry 
bladder. The ultiinate secreting tubuli of both tlic Wolffian 
body and the kidney, are alike remarkable for ending in dila- 
tations which (‘tnbrace convoluted capillaries — tlie so-called 
Malpighian, tufts. Neither Wolffian bodies nor kidneys have 
l)ecn observtjd in jhrqdilounts. It is doubtful whetlier true 
kidneys are dcjvcloj^c^d in lehthyopsida^ or whether the so- 
called kidneys of these animals arc not, rather, pcrsislent Wolf- 
fian bodi<iS. 

The lleproductlre Organs. — These, hi vcrtiibrated animals, 
are prinjitively similar in both sexes, and arise on the inner 
side of the Wolffian bodies, and in front of the kidneys, in the 
abdominal cavity. In the female the organ bci^omes an ovari- 
um. This, in some few fishes, sheds its ova, as soon as they 
are ripened, into the [leritoneal cavity, whence they escape by 
abdominal pores, wliicli place tliat cavity in dirc(.*t communi- 
cation with the exterior. In many fishes, tlic ovaries become 
tubular glands, provided with continuous ducts, ivhieh open 
externally, above and behind the anus. But, in all other T 
tehrata, the ovaries arc glands without continuous duels, and 
which discharge their ova from sacs, the (rvaafiein follicles, 
successively developed in their solid substance. Nevertheless, 
these ova do not fall into the peritoneal cavity, but arc oori- 
voyed away by a special apparatus, consisting of thcj 'Fallopian 
tubes, which result from the modification of certain emlnyonic 
structures called the Mullerian ducts. 

The Mullerian ducts are canals which make their appear- 
ance alongside the ducts of the Wolffian bodies, but, through- 
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out their whole extent, remain dis tin et from them. Tlieir 
proximal ends lie ciose to the ovarj, and Ijceome open and 
dilated to form tlm so-called osfia. Beyond these ostia they 
generally remain narrow for a space, but, toward their hinder 
openings into the genito-urinafry part of the cloaca, they com- 
monly dilate again. In all animals but the didelphous and 
inonodelphoiis Mammalia^ the Mrillerian duets undergo no 
further in oditi cation of any' great morpludogical importance ; 
but, in the momMlelphoiis Maniinalia^ they become united, at 
a short distance in front of their posterior ends ; and then (he 
segments between the latter and the point of union, or still 
farther forward, coalesce into one. l^y' this process of conflu- 
ence the Mblhniau ducts are primarily converted into a single 
vagina two uteri opening inioit; but, in most of the 
Monodelphiei^ the two uteri also more or loss completely coa- 
lesce, until both Miillerian ducts are represented by a single 
vagina, a single uterus, and two Fallo])ian tubes. The didel- 
phous jSTamyneiUa liave two vagime which may, or may'’ not, 
coalesce anterioiij for a sliort extent; but the two uteri re- 
main pcirrectly distinct. So Hint what takers ]>lace in them is, 
probably, a (liflerentiation of each Miillerian duct inio Fallo- 
pian tube, uterus, and vagina, with or without the union of 
tJie two latter, to the extent to which it is effected in the ear- 
lier stages of devolopnient in Monodelphia, Tlie Wolilian 
ducts of tlie fennale oitlier persist as canals, tlio so-called ca- 
nnls of Gaertner^ which open into the vagina, or disappear 
altogether. Jveimiins of tlie AYolflian bodi(^s constitute the 
parovaria^ observable in certain bnnalc mammals. 

In tlie male verteliratc embryo, the testis^ or essentiid re- 
]iroductive organ, occupies the same })osition, in front of tlie 
Wollflan body, as the ovaiy ; and, lilvC the latter, is composed 
of indifferent tissue. In Ainphioxus and in tlie 3Iarslpo- 
hranchii^ tliis tissue appears to pass directly into s|)ermatozoa ; 
bvitpih inost Vertcbrataf'it acquires a saccular or tubular struct- 
ure, and from the epithelium of the sacs, or tubub, the spenna* 
tozoa are developed. iVt first, the testis is as compietidy de- 
void of any excretory canal as the ovary ; Imt, in the higlier 
vertebrates, this want is sja^xlily sujiplied by the Wolifian 
body, certain of the tubuli of whudi become continnous with 
the tulndi seinhiifeif and constitute the vasa recta^ wliile the 
rest abort. The Wolflian duct thus becomes the vas diferem^ 
or excretoiy duct of the testis.; and its anterior end, coiling on 
itself, gives rise to tlie epididyniis, A vesicula semhialls is a 
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diverticulum of tlic vas deferens, near its posterior cud, which 
serv^es as a recep tacit.* for the semen. 



Fia. 2T. — Dijiffrani exhibiting the relations of the ffinalo(tho lofi-hand ? ) and of the 

main (tin*, nf'lit-liaud tiicuio, ^ ) reproductive orf'ans to tlio >^t*iic,ral plan (tlio rulddlo iij^- 
ui'o) of these oi'i^'^aus in the higher Vcrtcbncl i. 

Oly tlio eloac.i; /<?, tlio rc-ctuin; BK the urj.Ofiry bladder; the ureter; K. the hid- 
ucy; fM, tlio urethra; (/, the j^enital ijlarid, ovary. »)r testis; IT, the W'dUiau l)od y ; 
ivV, tho Wolflian duet; 3/, t.ho Miilleriati duet;*/Asf, prostate j^^Iaiul; Cp-, Cowper's 
ghiiid ; Csp, tho corpus sponiriosuni ; CV*. the corpus caviu-uosuni. 

In the feniaie., I , tfte va.L^iua; lit, uterus; the F;iIlo[)ian tiihe; <7/, (rnertuer’s 
duct; tho paroyariiun ; A. the anus; /.'o, r\.vp^ the clitoris. In the wi.'de. (\'p, 
the penis; the uterus lu.isoulijius; I'.s, vesicuLi scauiu.ili.s ; Vd^ the vas dvd'erens. 

If the bodic*;'., tlui g'oiiitalia, tiiid t lu^ :»limentary 

canal of a vertebrate embryo, commiinioatofl the exterior 
by apertures haviiiji^ tlio same relative positioM as tlie orirans 
themselves, the anus would l)e in front and lowest, the Wolb 
fian apertures behind and hig“hest5 and the gtmiial apertures 
would lie between the two. Jhit tho anal, ge nital, anti uri- 
nary apertures are found thus related only among C(n-tain 
groups of fishes, such as the TeJeosteL In all other V(<rtehrcita 
there is either a cloaca^ or common ehambtir, into wJiich the 
rectum, genital, and urinary organs open ; or, tlie amis is a 
5 
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distinct posterior and superior aperture, and the opening of a 
genito-uriiiary sinus, coininon to the uririar}^ and reproductivo 
organs, lies in front of it, separated by a more or less consid- 
erable 

These <unid itions of adult Vertehrata I’opeat the states 
through wliicli the embryo of tlie highest vertebrates pass. 
At a very early stage, an involution of the external integu- 
ment gives rise to a cloaca, Avhich receives the allantois, the 
ureters, the WoKlian and Mullerian ducts, in front, and the 
r(Xituui behind. But, as development advances, the rectal di- 
vision of the cloaca heconn^s shut off from the otJier, and opens 
by a separate aperturci — tlic definitive cums^ wljich thus ap- 
pears to be distinct, morphologically, from the anus of an osse 
ous fish. For a tinu^, the anterior, or genito-iirinary part of 
tlie cloaca, is, to a certain extent, distinct from the i-ectal di- 
vision, though the two have a common termination ; and this 
condition is ro})eaf cd in and in orriithotlelphous 

malia^ •where the bladder, the g(Miital ducts, and the ureters, all 
open sc]:>arately from tlie rectum into a genito-uriiiary sinus. 

In the male sex, as developnumt advances, this genito- 
urinary sinus l)oconi(.‘S elongated, muscular, and surrounded, 
wliore the bladder passes into it, by ii peculiar gland, tlie 
tate. It thus b(*coin(^s converted info what are termed the 
Jiindus^ and 7ieek of the bladder^ with proi/itatic and mem^ 
branom portions of the urethra. CV>n com i tail tly with these 
changes, a process of the v'eiitral wall of the cloaca makes its 
appearance, and is the rudiment of the intromittent organ, or 
peats. Peculiar erectile vascular tissue, developed within 
this bod}^, fbe median corpus sjxmc/iosum and 

the lateral corpora ceivernosct. The penis gradually protrudes 
from tlie cloaca ; and, while the corpus spoiigiosiiin terminates 
the anterior end of it, as the (jlands^ the corpora cavernosa at- 
tacli themselves, posteriorly, to the ischici. The under, or pos- 
terior, surface of the penis is, at first, simply grooved ; by de- 
grees tlie two sides of the groove unite, and form a complete 
tube embraced by the corpus spongiosum. penial urethra 

is the result. 

Into the posterior part of tliis penijd urethra, which is 
frequently dilated into tlio so-called bulbus nrethras, glands, 
called Coxcjxr'^s gland.% commonly pour their secretion ; and 
tlie penial, membranous, and prostatic portions of the. urethra 
(genito-urinary sinus) uniting into one tube, the male dejinitim 
urethra is finally formed. 

In sundry birds and reptiles, the penis remains in the con- 



MODIFICATIONS OF THE REPRODUCTIVE ORGANS. 99 

dition of a process of the ventral wall of the cloaca, grooved 
on one face. In ornithodelphous mammals the penial urethra 
is completCj but open behind, and distinct from the genito- 
urinary sinus. In the Dklelphia the penial urethra and gen- 
ito-urinary sinus are uni tint into one tube, but the corpora 
cavernosa are not directly attached to the iscliium. 

Certain ItepUUa possess a pair of evcrsible copulatory or- 
gans situated in integumentary sacs, one on each side of the 
cloaca, but it does not appear in wliat manner these penes 
arc morphologically reluttKl to thos(i of the higher Vertebrata, 
In the female sex, the liomologue of a penis frequently 
makes its appearance as a cZ/Vor but rarely passes beyond the 
stage of a grooved process Avith corpora cavernosa and corpus 
spongiosum — the former iittaclied to the ischium, and the lat- 
ter developing a glaiis. But, in some few mammuls (e. g*., the 
J^em.urid€e)j tlic? clitoris is traversed l>y <a urethral canal. 

In no vertebrat(}d animal do the ovaries normally leave the 
abdominal (;avity, tliough they commonly forsaka^ tlieir primi- 
tive position, and may descend into the p(dvis. But, in many 
•mammals, the testes pass out of the abdt)m(ai tlirough tJw 
inguinal canal, bet ween the inner aial outer tendons of the 
external oblique muscle, and, covered l)y a fold of i)eritonieuin, 
descend temporarily or permanently into a pon(*li of tin? integ- 
ument — the scrotum, J ri tlicir cours(3 t hey Ix^come invcstcxl 
with ]oe|v d muscular fibres, which constitute tlu^ cremaster. 
The cremaster retracts the testis into the abdominal cavity, or 
toward it, when, as in the liighcr mairimals, the inguinal canal 
becomes Aery much narrowed or altogether obliteratc'd. In 
mf )St mammals the scrotal sa<*s lie at tlui sides of, or bdiind, 
the root of the penis, but in the Didetphia the scrotum is sus- 
pended l>3" a mirroAv: node in front of the root of the penis. 

Ill most Tnammals the penis is enclosed in a sheath of iti- 
tcguincnt, the prepiitiuyn ; and, in many, the septum of the 
corpora cavernosa is ossified, and giA^es lise to an os penis. 

In tlio female the so-called represent the scro- 

tal, the lejfhia minora the preputial, part of the male organ of 
copulation. 

Organs not directly connected Avitli reproduction, but in 
various modes ai^cessory to it, are met witii in many Verte- 
hrata. Among these may be reckoned the integumentary 
pouches, in Avhich the young arc sheltered during their devel- 
opment in the male Pipefish {^SyngnatJms)^ in some female 
Ampjhlbia {Wotodelphys^ Plpa)^ and Marsiqjialia ; together 
with the mammary glands of the Mammalia, 



CHAPTER HI. 

THK rUOVIXCES OP' THE VESTISBKAT.l THE CEASS PISCE3. 

The Vertebrata are divisible into throe primary ii^TOups or 
provinces : tlie Ichthyopslda^ the Bauropskla^ and the j\fanir 
media. 

L — The Ichthyopsida 

1. Have tlic epidermic exoskeloton either absoiit, or very 
si ig’h tl y reprosen ted. 

2. Tlio spinal column may persist as a notochord witli a 
membranous sheath, or it may exhibit various degrees of 
chondrifioation or ossilication. Wiien the vertebra) are dis- 
timd:, their centra liave no epiphyses. 

3. The slcuU may bo incomplete and membranous, more 
or less cartilag-inous, or osseous. Wiicn membrane bones are 
developed in oonnectioii witli it, there is a large paraspheiioid. 
The basisphenoid is always small, if it be not absent, 

4. The occipital condyle may be absent, or single, or 
double. When there are two occipital condyles they belong 
to the ex-occipital region, and the basi-occipital region is un- 
ossilied or very imperrectly ossified. 

5. The mandible may be absent, or be rcpresetited only by 
cartilage. If inonibrano bones are developed in connection 
with it, there is usually more than one on each side. The 
articular element may be ossified or not, and may be con- 
nected with the skull by the iutennediatioii of a quadrate €an<l 
a hyomandibular element, or by a single fixed plate of carti- 
lage representing belli these and the pterygo-palatine arch. 
A stapes may be present or absent. 

G. The alimentary canal may or may not terminate in a 
cloaca. When there is no cloaca, the rectum opens in front of 
the uriny ry organs. 

7. The blood-corpuscles are alw«ays nucleated, and the 
heart may be tubular, bilocular, or trilocular. 
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8. There are never fewer than two aortic arches in the 
adult. 

9. Kespiration takes place by branchioe during part, or the 
whole, of life, 

10. There is no thoracic diaphragm, 

11. Tlie urinary organs are pennaiiont WollTian bodies, 

12. The cerebral iieniispb<^res may be absent, and are 
never united by a corpus caJlosuin. 

13. The embryo has no amnion, and, at most, a rudimen- 
tary allantois. 

14. There are no mammary glands. 

II. — The Sauropsida 

1. AlirK)st always possess an epidermic cxoskeleton in the 
form of scales or feathers. 

2. The centra of the vertel)ra‘ arc ossified, but have no 
terminal epiphyses. 

3. Tlie skull lias a completely ossified occipital segment, 
and a large basisplionoid. No separate parasphenoid exists 
in the adMlt. The proOtic is always ossified, and eitlier 
remains distinct from the epiotic and opisthotic throughout 
life, or unites with tliem only after they have ambylosccl with 
adjacent boii<‘S. 

4. There is jilways a single, convex, occi])itjd condyle, into 
wduch the ossified eX”Oceit>itaIs and baseoceiptal enter in vari- 
ous pro] )or lions. 

o. The mandible is always present, and each ramus con- 
sists of an articular ossification, as well as of several mtnn- 
branc liones. The articular ossification is connected witli the 
skull by a quadrate bone. The apparent ‘‘ ankle-j(jint” is situ- 
ated, not between the tibia and the astragalus, as in all Mam- 
raalla^ but between the proximal and tlio distal divisions of 
the tarsus. 

0. Tlie alimentary canal terminates in a cloaca. 

7. The heart is trilocular. or quadrilocular. Some of the 
blood-cor])usclcs are always red, oval, and nucleated. 

8. I^he aortic arches arc usually two or more, but may be 
reduced to one, which tlien belongs to the right side. 

9. It(.*s})iration is never effected })y means of brancliim, but, 
after birth, is performed by lungs, Tlic bronclfi do not liranch 
dichotomously in the lungs. 

10. A thoracic diajihragm may cxisl, but; it nevaT forms 
a complete partition between the thoracic and the abdominal 
viscera. 
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11. The Wolffian bodies arc replaced, functionally, by pei> 
marient kidneys. 

12. Tlie ccrol>ral licmisplicrcs are never united by a corpus 
callosum, 

13. The reproductive organs open into the cloaca, and the 
oviduct is a Fallopian tube, which presents a uterine dilata- 
tion in the lower part ol its course. 

14. All are oviparous, or ovoviviparoiis. 

15. The embryo has an amnion, and a large respiratory 
allantois, and is developed at the expense of the massive 
vitellus of the egg. 

10. There ai‘0 no mammary glands. 

III.— Tlie Mammalia 

1. Always possess an ei^idermic exoskeleton in the form of 
hairs. 

2. The vcrlebne are ossilied, and (except in the ornitho 
delphui) their centra have terminal epiphyses. 

3. All the segments of the brain-case are completely ossi- 
fied, jVo distinct parasphenoid exists in the adult. XheproOtic 
ossifies, and unites with the epiotic and opisthotic before these 
coalesce with any other bone. 

4. There are always two occipital condyles, and the basi' 
occipital is well ossified. 

5. Tlie mandible is always present, and each ramus con- 
sists (at any rate, in the adult) of a single membrane bone, 
which articulates w^ith the squamosal. The quadrate b(me, 
and the supra-sta]>edial element of tlic liyoidean arcli, are con- 
verted into a malleus and an incus, so that, with the sUqxs^ 
there are, at fewest, three ossleula auditus, 

G, The alimentary canal may, or may not, terminate in a 
cloaca. Whr*n it does not, th<3 rectum opens behind tlie 
genito-iirinary organs. 

7. The heart is quadi'ilocular. Some of tlie blood-cor- 
puscles are always red and nou-nucleated. 

8. There is only one aortic arch which lies on the left side. 

9. Respiration is never eflected l>y means of branchiae, but, 
after birth, is piTibrmcd by lungs. 

10. There is a com])]cte djaphragm. 

11. The Wolllian bodies are replaced by permanent kidneys. 

12. The cerebral hemispheres are united by a corpus cal- 
losum. 

13. Tlie reproductive organs may, or may not, oyieri into a 
cloaca. The oviduct is a Fallopian tube. 
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' 14. The embryo has an ainnion aud allantois, 

15. Mammary glands supply the young Avitli nourishment. 

The Ichthyopsida. — Class I. — Pisces, 

The class of Fishes contains animals which vary so much 
in tlieir grade of organization, and in their higher forms so 
closely approach the xlmphUna^ that it is diflicnlt to draw up 
any deiinition Avhich shall be at once eliaracteristic and diag- 
nostic of tliein. 15ut they are the only vertebratod animals 
which possess median fins supporbid by fin-rays ; and in 
which the limbs, when present, do not exhil)lt that division 
into brachium, antebrachiurn, aiul inaiiiis, which is found in all 
other Vertelmxta, 

The presence of the peculiar integinentary organs con- 
stituting what is known as the system of mucous canals and 
the organs of the lateral line {supni^ p.YD ), is highly charac- 
teristic of Fislies, thougli tliese organs cannot be said to exist 
in the entire class. 

The elas!^ Piscks is <livisible into tlio following primary groups : 

A. Thu noUxihord extends to the auhadoi' end of llio body. There are no 
skull, brain, auditory, or renal organs, sueli as exist in the higher Vcrti:- 
brata. Tlu; heart is a simple tube, and tlie livet‘ is yaecuhir, (bKcro- 
CAROTA. Ilaockel.) 

T. — Phan/nf/obranrh/i. 

U The notoe, Viord ends beliiiid tlie ])ituitary fossa. A skull, brain, auilitory, 
and renal orgrins ai e dcveloptuL Thelioart is dividtid into aurieular and 
ventricular e[iaiTdx:r.s. The liver lias the ordinary strueturfj. (I^aciiv- 
CARUIA. Ilek.) 

a. The nasal sn.e is single, and lias a median exttunal aperture. Neither 

mandibles ifor limb arches are developed. {Momrhlmi. lick.) 

II. — Marslpt^hranchfi. 

b. There are two nasal saes with separate apertures. Mandibles and 
. limb arches are developed. (Amphirhlna, lick.) 

a. The nasal passages do not conuminicato with the cavity of the 

mouth. There are no Jungs, and the hi^art has but one auricle, 
a. Tbo skull is devoid of membrane bono.s. 

1 1 r . — Elamiob ranchil, 

p. Membrane holies arc developed in relation wdth the skull. 

1. The optic nerves forin a ehiasma, and there aix; sevoial 

rows of. valves in the aortic bulb. 

IV. — Ganoidm, 

2. T}x> optic nerves simply cross, and there is only one 

row of valves in the aortic bulb. 

V. — 7'ikoftteL 

b. The nasal pa.ssages communicate wdtli the oral cavity. There 

are lungs, and the heart ha.s two auricles. 

VI. — P’qmoL 
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I. Tlio PiiAiiYXGOERAXC^iiir. — ^This order contains but one 
species of iisli,tlic I'oiiuirkable A mphioxics lanceO’' 

latiis^ which lives in sand, at moderate depths in the sea, in 
many parts of tlie world. I t is a small, semitransparent crea- 
ture, pointed at both ends, as its name implies, and possessing 
no limbs, nor any liard cpi<lennkror dermal (jovering. 

The dorsal and caudal regions of the body present a low 
median hjld of integument, which is the sole representative of 
tlio system of the niediaii Jins of otlu'r iishes. The month 
(Fig. 2S, A, a) is a proper Li omilly large oval ajicrturc, which 
lies behind, as a\tT1 us bedovv', tlie anterior terminalioti of the 
body, and has its long axis directed longitudinally. Its mar- 
gins an^ ])ruduc(al into delicate ciliated tentacles, supported I)y 
semi-cartilaginous hlainents, wliich are attached to a hoop of the 
same tcxlurii placed around the margins of the mouth (Fig. 
29,./’,//). TliC'SC jirobaldy represent the labial cartilages of 
other fishes. The oral aperture leads into a large and dilated 
])harynx, thc^ Yalls of \vhich are perforated by numerous 



p. 



Fio. 28 . — J'fnp?n'n:vu,>* — a. month; pharrng-obrnnrhiftl chambor; <r, Anns; 

(/. livf'r; e, abdominal i)ore. — H, the head t'lilarjrod ; rf, tlu* iiotochord ; tim represent- 
atives of neural spines, or tin-rays; o. the joiiiti'd oral riiifr; ty,tlK* 11 lamentiiry append- 
a^ros of the inouih; e, fh<- eilialcd-iobetj of the pharynx; /; </, prtrt of the bninchial sac; 
/[, the spinal cord. 


clefts, tmd richly ciliated, so that it resembles the pharynx of 
an Ascidiaii (Fig. 2S, 13, //). This great pharynx is con 
nected with a sim])le gastric cavity which passes intc u 
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fltraiglit intestiiie, ending in tlie anal aperture, wliicli is situ- 
ated at the root of the tail at a little to tlic loft of the me- 
dian line (Fig. 28, A, c). The mucous ineinbrane of the in- 
testine is ciliated. 

An aperture called the abdominal pore (Fig. 28, A, c), 
placed in front of the anus, leads into a rc‘Iativ(dy spacious 
cavity, which is continued forward, on each side of the 
pharynx, to near the ond aperture, llie water which is con- 
stantly propelled into the |)lnirynx by its cilia, and those of 
the tentacles, is driven out through the branchial clefts, and 
makes its exit by the abdominal pore. 

The liver (Fig. 28, A, (/) is a saccular diverticulum of the 
intestine, tlic apex of which is turned forward. 



The existence of distinct kidneys is doubtful ; and the rc- 
[iroductive organs arc simply quadrate glandular masses, 
attached in a row, on eacli side of the walls ot tiu; visceral 
cavity, into wliich, whcii ripe, they pour their contents* 

Tiie heart retains the tubular condition which it possesses 
in the earliest embryonic stage only, in other T ertebrata. 
The blood brought back from the body and trom the ali- 
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mcntary canal eutei’s a pulsatile eanliac trunks wliicli runs 
along the middle of the base of the pharynx, and sends 
braiich(?s up on each side. The two most anterior of these 
pass directly to the dorsal aorta ; the others enter into the 
‘ciliated bars wliich separate tlie branchial slits, and, therefore, 
arc so many branchial arteries. Contractile dilatations arc 
placed at the bases of these brancliial arteries. On the dorsal 
side of tlie ])haryux the blood is poured, by the two anterior 
trunks, and by the branchial veins wliich carry away tlie 
aerated blood from the bramdiial bars, into a great longi- 
tudinal trunk, or dorsal aorta, })y which it is distributed 
throughout the l>ody. 

Notwithstanding tlie extremely rudimentary condition of 
the liver, it is Interesting to obsei'vm that a contractile trunk, 
which brings back the blood of the intestine, is distributed on 
the lie^patic sac after the manner of a portal vein. The blood 
IS collected again into another contractile* trunk, wliich repre- 
sents the hepatic va'in, and is continued into the cardiac trunk 
at the base t)f tlu‘ bi-aiKOiial sac. The corpuscles of the blood 
are all oolorl(‘ss and nucleated. 

The skeleton is in an extremely rudimentary condition, the 
spinal coliitnn benng rejirescntcui liy a notochord, which extends 
throug-hont the wliole lengtli of the body, and terminates, at 
e.'icli extremity, in a point (Fig. Ji8). Tlie investment of the 
notochord is wholly membranous, as are tlie boundary-walls of 
tlic neural and vis(x?ral chambers, so that there is no appearance 
of vertebral centra, arcluis, or ribs. A longitudinal scries of 
small semi-car tilagi nous rod-like bodies, which lie above the 
neural canal, represent either neural spiiKis or rui-rays (Fig. 
28, B, ^>). Neither is there a trace of any distinct skull, jaws, 
or hyol(h*an apparatus; and, indeed, tlie neural chamber, whi(*h 
occupies the plaix^ of the skull, lias a somewhat smaller capachy 
tlian a segment of the spinal, canal of equal length. 

There are no auditory organs, and it is doubtful if a (dliated 
sac, whieb exists in iho middle line, at tlie front part of the 
eeplialic region (Fig. 21), a), ought to be coiisidfM'cd as an olhic- 
tory organ. 

The myolon traversers the whole length of th<? spinal eanal, 
and ends anteriorly without enlarging into a hrain. From 
its rounded lerminatiou nerves are given off to the oral region, 
and to the rudimentary eye or eyes (Fig. 2G, c). 

According to M. Kowalewsky,'^' who has recently studied 

* Memoires do rAcad<?mie Iiuperiale dos Sciences ile 8t. rotersburff/’ 

1867. 
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tho development of Amphioxus^ tlie vitellus undergoes com- 
plete segmentation, and is convei'ted into a hollow sphere, the 
walls of whicli are formed of a single layer of nucleated cells. 
The wall of the one moiety of the sphere is next pushed in, as 
it were, until it comes into contact with the other, thus re- 
ducing the primitive cavity to nothing, but giving rise to a 
secondary cavity, surrounded by a double niembraiu*. The 
operation is, in substance, just the sam<3 as that by which a 
double nightcjip is made fit to receive the liead. Tho blasto- 
derm now acquires cilia, and becomes nearly spliejical again, 
the opening into the secondary cavity being reduced to a small 
aperture at one pole, which eventually becomes the anus, 
M. Kowalewsky points out the resemblance, amounting almost 
to identity, of tlic embryo at this stage with that of many 
Invertebnka, 

One face of the spheroidal blastoderm becomes flattened, 
and gives rise to laini}}<n dorsales^ which unite in the charac- 
teristically vertebrate fashion ; aiid the notocliord appears 
between and below tliem, and very caily extends forward be- 
yond the tormination of the neural canal Tlie neural canal 
remains in comnumh'ation with the ext(‘i ior, for a long time, 
by a minute pore at its anterior extremity. The mouth arises 
as a circular aperture, d<*velo|)ed upon llic riglit vsid(3 of the 
anterior end of the body, by ilic coalescence of the two layers 
of the blastoderm, and the subsequent ])ej fora lion of the disk 
formed }jy this (a)alesct‘ncc. The branchial apertures arise by a 
similar process which takes place behind the inoutli ; and tlicy 
are, at first, completely expos(‘d on the surface of the b( >dy. lint, 
before long, a longitudinal fold is dcvclopc?ci upon eacli side, and 
grows oA^er the brancl)ial apertures. Tin; tw o folds eventually 
coalesce on the ventral side, leaving only the abdominal jiore 
opein One cannot but be struck with tlu? resemblance of these 
folds to the processes of integument whieli grow over the bran- 
china of the anqihibi an larva ; and, in like manner, enclose a cavi- 
ty which communicates with the exterior only ])y a single pore. 

In a great many of the characters wliicdi have been emi- 
merated — as, for example, in the entire absence of a distinct 
skull and brain, of audifory organs, of kidneys, of a cham- 
bered heart; in the presence of a saccular liver, of ciliahHl 
branchiic and alimentary canal ; and in the extension of the 
notochord forward to the anterior end of the body — Ainphi^ 
oxfus differs irorn every other vortcbrate{i animal. Hence 
Prof. Haeckel has proposed to divide the Vcrt<d>rata into 
two primary groups — the Leptocardia^ containing Amphi- 
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(Kn/s ; and the FachycardUi^ comprising all other yerie'frata. 
The great j)cciiliarities in the dcvelo])m(nit of AmphioxuSy 
and the many analogic's with hivwtebratc animals, paiticu- 
larly the Ascidians, wliicli it presents, lend much snj)port to 
this pvoposithm. 

No fossil form allied to jhi}phlo:n(S is known. 

11. The MARSmonRANCiiiT. — In this order of the class 
Pisres the int<?gninent is deva)id of scjiles or bony jdates. 

The S 2 )inai coluinn (‘onsisis of a tliick persistent notochord 
onvelojied in a slieath, but devfhd of vertebral centra. The. 
neural arches and tljo ril)s may bo represented bj" cartilages, 
and there is a distinct skull ]>resenti?tg cartilage at least in its 
base, and retaining mjuiy of tlie eharaclers of the fcetal cra- 
nium of tlie liigher y rlehratd. The notochord tciminates in 
a point in tlie base of this caitilagiiions skull behind the pitui- 
tary body; and thtj skull is not movable ujion the spinal col- 



Fro. 80.— A,t^io tU'woiI fr<Mn the sid*' ; Ti, from above; — a . the. othmovo- 

inerme plato; ft, the olt'iOory i:i|isnle; c, the ;nnli(orv ea]i8u]e; f/, the neural ai*cJie8 of 
the «i>inuJ cbluujii; the |);Uat..>i)tery;rivid portion ; probably, the niotaptoryproid, or 
superior quadrate, portion, jin<l f/. tho inltTior (piadratr- poi-tJon. of the siibociilar arch ; A, 
Btylotiyul proees.s; A lingual cfuaiiage ; y, iutbrior. / lateral, prolonfjatlon of the mtnial 
cnVtilage ; 1, ii. 8, accessory labial cartilages; •/«, brancljia] skeleton. Tho spaces on 
either side of 1 arc closed by uK iuhrane. 
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umti. There ^are no jaws ; but the palato})tcrygoid, the quad- 
rate, the hyomandibiilar, and the liyoidcan apparatus of higher 
Vertehrata^ are imperfectly represented (Fig. BO,/*, </, //. In 
some genera a basket-like cartilaginous apparatiis strengthens 
the walls of the oral cavity ; while, in others, such a framework 
supports the gill-sacs. 

The 3farslpohranchii possess neither the pectoral nor the 
pelvic pair of limbs, nor their arches. Horny tcetli may be 
developed upon the roof of the palate, or u])on the tongue, or 
may be supported hy peculiarly dev(d()f)(Ml labial cartilages. 
The alimentary canal is simple and straight, and the liver is 
not sac-Iikc, but resembles that organ in other Vertehrata. 

; The heart has the usual piscine structure, consisting of a 
/ingle auricle pr<^(jeded ])y a vcuious siims, a single ventricle, 
^and an aortic bulb, all se[)aratcd from one another by valves. 
Tins heart is contained in a y^cricardiuin, the cavity of wliicli 
communicates with that of the peritonaeum. 

In Myxlne the portal vein is rhythmically contractile. 

The cardiac aorta, Avluch is (ioiitiiuied froni the bulb, dis- 
tributes its brandies to tlie respiratory organs. ^Hiese consist 
of antero-pbsicriorly flattciicd sac's, wliicli communicate) dii'c'clly 
or iiidireol ly, on tlie itiucr side, with the [iliarynx, and, exter- 
nally^ with the surromifh'ng medium. 

Ill the Ltimpre)^ thc'rci are sevcm sacs, upon each side, wliicdi 
open externally by as many distinct aperiurc‘s. Internally, 
tliey couiniunic^ato with a long canal, whidi lies beneath the 
(esciphagus and is closed behind, while anteriorly it cornmiini- 
cates freely with the ca vity of the mouth (Fig. Pr), 

The kidney's arc well developed, and liave the ordinary ver- 
tebrate structure, while the ureters open behind the rectum. 

The lirain, though very small, is quite distinct from the 
rnyclon, and presents all the great divisions found in the high- 
er Vertebrata — t hat is to say, a fore-brain, mid-brain, and hind- 
brain. The fore-brain is further divided into rhinencephala, 
solid prosGiicephalic lolies, and a thakunenoephalon ; the hind- 
brain, into metcncephalon and myel encephalon (Fig. 31). 

The auditory organ is simpler than in otlier fishes, possess- 
ing only two semicircular canals and a sacculated ^a?stibule in 
the Lamprey. In Myxine the wliole organ is re|ii*cs(*nled hy 
a single circular membranons tube, without fnrtlnn* distinction 
into canals and vestibule. 

The Marslpolmmchll differ remarkably, not only from the 
fishes which lie above them, but from all otlier vertebrate ani- 
mals, in the characters of tlie olfactory organ, which consists of 
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a sac placed in tlie middle line of tlic head, and having a sin- 
gle, median, exttnmal aj>ertijre. In all other VertehnUa there 
are two nasfil sacs. In the Lampreys, the nasal sac terminates 



Fig. — Side nnd upper viows of thobmlu of r4^tro7Yiyiion. yiit.riainiK and an nppor and 

inner Anew of tlie iiuMviln-anouH labvrinth of P, 7narinus.' Tbo followinfif letters refer to 
till' fii^ures of tlie brain ; T., (he otfaetorv n<;rA' 08 . narrow aiit(‘rior prolonjratioiia of IJto 
rhinoiieeplmlon (A); 15. ilio proKeiicei'haloii ; C, the thalaruencopluilon ; 1), the incseii- 
et'phalon-, K, (be. jueilvilla (»bIonf?at.a ; F, ^lie fourth ven{ricle; the narrow band which 
is ail that repn-sents tlio eej-ebrlhiin ; (>. (lie spinal coj-d ; Ti., the oi>t.ie; HI., the* oculo- 
nAotorius ; 1 V ., the pathet'uMis ; V., (he trifftnninal ; V'l.. (lie abdueens ; VII,, (he facial, and 
the undltory; VI it., the f^losso-plmryn^foal and pneumo^astric ; IX., the hypoirlossal 
nerves; T, P, 2, 2', Sensory an<l motor root.s of the I3j*.st two spinal nervoa. lAtliO %uro 
of tlie imuuhranoiia labyrinth; l\ the auditory nerve; </, the v«‘stihule ; e, the two semi- 
clreiiUir canals, Avlili'h eovrespond with the antoHor and post(‘rior vcrtit al canals of other 
Vertebrata ; cZ, their union ;md common opcuiiiij into the An^stibuJo; b^ tlic ampulla). 


blindly below and behind, bill; in the Hags {Myxine) /li opens 
into the pharynx. In no oilier fishes, except Lfyyidosireri, does 
the olhictory apparatus eonnnunicate with the cavity of the 
mouth. 

The reproductive organs of the MarMpohranchil are solid 
plates suspended beneath the spinal column, and they have no 
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ducts, butfslied tlieir contents into the abdomen, whence they 
pass out by an abdominal jjore. In the early stages of tlieir 
development the I^amprej^s present some singular resemblances 



Fig. S2. — Ycrticnl and lon'i'itiulinal M.‘ctiou of l.hc anterior part of (lie body of a Lainpivy 
(Pelrom ;/zoii mari/tun): a, tlio eraniiim with its eontaineil brain; (7, section ol ibe 
odj 70 of the cartila^ro marked in Fiir. oO ; 0//\ ont ranee into the ol factory chamber, 
wliich is prolonj'iul into the eaval i»oiich, o; /Vi, the pharynx; /*/•, flio. branchial chan- 
nel, with tlie mner aporturea of tlie braachial sacs; J/. the. cavity of the mouth, with its 
horny teeth ; 2, tli« c.artUaf,'e which suiiports the tongue ; .‘1, the oral riji"-. 

to the yimphibi.(t. They also iiudcrgo ii mohnnori^liosis, the 
yoim g J\^frojnj/:^o?f. lahug so unlike tin; [iarenl, tluit it wiis, un- 
til lately, regarchid as a distinct genus — yinn/wca-tcff. Hut 
the young Ijampi'in’.s never possess extiM'ual liraueliiallilainerits 
or spiracrila. 

Tlic are inhaljitants of boih IVesli an<l salt 

water, Tlic Myxinoids art?, remarkable for their parasitic liab- 
its — the ITag boring its way into the botlies of other llshos, 
such as tlie Cod, No fossil are known. This 

circumstance niay, in yiart, be due to the perisliablcness of 
their bodies; thougb liorny teeth, like tliose of the T^aniproys, 
might have been preserved under favorable eireinnstances. 

III. The EnASMonnAXoiifi. — This order contains the Slia rks, 
the Rays, and the CViirnara. 

The integument may be naked, and it never ]?ossesscs scales 
like those of ordiivary tislies; but, very commonly, it is devel- 
oped into papilhe, wliich become calcined, and give rise to 
toothlike structures : these, wdien tiiey ai e v(M*y small arid closci- 
set, eoMstItutc wluit is called ,s7/y 7/7 mi/?. Wdien larger and more 
scattcrcMl, tliOy form dcnanal plates or Inbcu’cles ; and when, as 
in many cases, they take the form ot spines, tlu'se are called 
dermal defences, and, in a fossil state, Ichthyodorulites, All 
these constitute wdiat has been called a ^f dacoid exoskeleton ; ” 
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and, in iniautc structure, they precisely resemble tofeth, as has 
been already e.vplained. The protraded surfaces of tlic dermal 
detcncos are frequently ornamented with an elegant sculptur- 
ing, which ceases upon that part of the defence which is ini- 
biMlded in the ski n. Tiie dermal defences are usually implanted 
in front of the dorsal lins, but inay be attached to the tail, or, 
in rare cases, lie in front of the paired tins. 

The spinal column exhibits a great div^ersity of structure : 
from a persisttiut notochord exhibiting little advance upon that 
of the 3farslpo()7'anrJul^ or having mere osseous rings devel- 
o[)ed in its walls, to complete vertebra?, with deep coiucal an- 
terior and posterior concavities in their centra, and leaving the 
])riinlUve cartilage more or less completely re])laccd by concen- 
tj*ie, or radiating, laniella? of bone. In the Rays, indeed, the 
ossilication goes so far as to convert the anterior part of the 
vertebral coluinn into one continuous bony mass. 

The neural arclnjs are sometimes t^vice as numerous as the 
ceul.ra of the vertebrie, in which case iho added arches arc 
termed Irdercrand caj-t ilag*es. 

The terminal p*irt of the notochord is never ciKdoscd with- 
in a continuous bony sheath, or tcrosti/le. The extremity of 
the vertebral column is g-enerally bent up, and the median fin- 
rays which lie bel(>w it ar(?, usually, muc*h longer than those 
which lie abf)vo it, causing tfio lower lobe of the tail to be 
much larger than ilie upper. Elasinobranchs with tails of 
this conformation arc tridy heteroccreal., while those in which 
the fin-rays of the tail arc equally divided by the spinal col- 
umn, or nearly so, arc dlphjjfeercal (p. 21). The Monkfish 
(^Squatln(i) and mfiny otlier EUtHinohrancJiii arc more diphy- 
cercal tlian hoierociorcal. 

The ribs are always small, and may be quite rudimentary. 

The skull is composed of cartilage, in which superficial 
pavcment-llko dt^posits of osseous tissue may take place, but 
it is always devoid of membrane lK)nc. When movable 
upon the s»)inal column, it articulates therewith by two con- 
dyles. 

In its geiau’al form and struct uro, the cartilaginous skull 
of an .Elasmobranch corresponds witli the skull of the verte- 
brate foetus in its cartilaginous state, and there are usually 
more or less extensive monbranous fordanellos in its upper 
walls. The ethmoidal n^gion sends horizontal plates over the 
nasal sacs, the «aporturcs of whidi retain their embryonic situ- 
ation upon the under-surface of the skull. 

Neither premaxillm nor maxillm are present, the jaws '^ 
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of an Elasmobrancli consisting, exclusively, of cartilaginous 
representatives of the primary pal ato-qnad rate arch and of 
Meckel’s cartilage. 

The former of these, the so-called upper jaw, may either 
be represetited, as in the Chlmmm (Eig. 33), by the anterior 
portion (./i, JJ) of a triangular cartilaginous lamella, which 
stretches out from the sides of the base of the skull, and is 
continuous with the representativo of the hyomandibular sus- 
pensorium ; or there may be, on each side, a cartilaginous bar 
movably articulated in Iront with the foi’c-part of tJie skull ; 
and, posteriorly, furnishing a condyle, with wliich the ramus 
of the lower jaw, representing Mc'ckel’s cartilage, articulates. 

In the latter case, Avhich is that mt't with in liio Sharks 
and Rays (Figs. 34 and 35), a singl(3 cartilaginous rod {g) is 
movably articulated with the skull, in the rc'gion of the peri- 
otic capsule, upon each side ; and, ly its o[>posite extremity, 
is connected by ligamentous libres both with the qialato- 
quadrate (A) and with the mandibular or xMoedvoiian cartilage 
This cartilaginous sKspensorhun reproscrits tlie hyo- 



fm. S3. — Vertlral soetion of tlie skull of Chirnrcj'a nwnsfrosa., without tho labial .and nasal 
cartUa^e.s: yl, the basbowipltal roijfion ; the pituitary fossa; ;VJr, partition hetwocu 
the olihctory sacs ; 7?, nlveoln.s for the nntorior ui)pcr*|.aw tooth ; 0, f), the wfsion of Uw 
trianjt|:nlar cartiUiifo which answers to th« hvoiuantlibular atid qiiadiato; TX B, that 
which answers to the quad rat<?, ptorypoul, and palatine; J/y/, the mandible ; / CV, the 
interorbital septum; (/wand /aw, the anterior and posterior semieircular cunds; fl,, 
V., VIII., exits of tlie olfactory, optic, lillh and eig-hth pairs of nerves. 

mandibular and the symplectic bones of tlic TdcostCAy and 
gives attachment to the hyoidcaii apparatus (//y). The lat- 
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ter consists of **1 lateral arch upon each side, united with its 
fellow, and with the branchial arches, by the intermediation 
of medial basal elements below ; and it is succeeded by a 
variable number of similar arches, which support the branchial 
apparatus. 

From the hyoidean and from the branchial arches carti- 
laginons niamcnts pass directly outward, and support the walls 
of the brancliial sacs. Superficial cartilages, which lie par- 
allel with the branchial arches, arc sometimes superimposed 
upon theses There are no opercular bones, though cartilagin- 
ous filaments which take their place (Fig, 34, 0^)) may be 
connected with the hyomandibular cartilage ; and, in the 
great majority of tlie the apertures of the 

gill-sacs arc cojn|)lct<dy exposed. Hut in one gronj), the 
Chhmvra^ a great fold of membrane extends back from the 
suspensorial apparatus, and hides the external gill-apertures. 

Large accessory cartilages, called labial, are developed at 
the sides of the gape in inany 34 and 
35, i, k, L) 

The pectoral arch consists of a single cartilage on each 
side, 'The two IxH'omc closelj^ united together in the ventral 
niedian line', and are not directly connected w’ith the skull. 
The pelvis is also represented by a. pair of cartilages, which 
may coal('sce, and are invaiiably abdominal in position. 

Tliero arc aUvays two pairs of lateral fins corresponding 
w ith the anterior and posterior limbs of the higher Vertehrata, 
The pectoral fins, the structure of wdiich has already been de- 
scribed, arc aUvays the larger, and sometimes attain an enor- 
mous size relatively to the body. 

Ill these fishes, teeth are developed only uj)on the mucous 
nieinhrane whicli covers the palato-quadrate cartilage and the 
mandibh^. They are never implanted in sockets, and they 
vary greatly in form and in number. 

In the Sharks they are always numerous, and their crowns 
are usually triangular and sharp, with or without scrrafioiis 
and lateral cusps. As a rule, the a uteri or teeth on each side 
have more acute, the postexior more obtuse crowns. In the 
Port Jackson shark {Cestracion), how^ever, the anterior teeth 
are not more acute than the most obtuse teeth of the others, 
w^hilc the middle tc?eth acquire broad, nearly flat, ridged 
crowms, and the hindermost teeth arc similar but smaller. 
The Hays usually have somewdmt obtusely-pointed teeth, but 
in Myliobates, the middle teetli have transversely-elongated, 
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Aetohatls only tlic middle transversely elongated teeth remain. 
In the Slinrks and Kays the teeth are developed from papillm, 
or ridges, situated at the bottom of a deep fold wit]).in the mu- 
cons Tnembrane of the jaw. The teeth come to the edge of 
the jaw, find, as they are torn away or worn down by use, 
they are replaced by others, developed, in successive rows, 
from tlie bottom of the groove. No such snccc^ssive develop- 
incut takes place in tlie Chwuj/ra. 

As in odior iishes, there arc no salivary glands. The wide 
03 so]>hagiis leads into a stonnudi which is nsually spacious and 
saedike, but somctiim's, as in Vhlma.ra^ may be hardly distinct 
from the rest of the alimentary canal. No diverticulum hiled 
with air, aud const! tutiug a swimming-bladder, as in Ganoid 
and many dVdoosteau fishes, is connected with either the ensoph- 
agus, or tlie stomach, though a rudimemt of this structure has 
lately been disco van-cd in some Klasraobrauchs. 

dlie intestine is short, and usually commences I>y a dilata* 
tion separated bom the stomach by a pyloric valve. This 
duodenal segniimt of the iut(‘stiiie is usually known as the 
JUursa I^Jntlaaa. It receives tlu^ licpatii? and pancreatic ducts, 
and, in il jc fadus, tlie vitelline <hict. Beyond this part, the 
absorptive area of the mucous merabraue of the small intes- 
tines is increased l)y the production of that membrane into a 
fold, the so-called spiral valvCy tlu? fixed edge of w Jiich usually 
runs spirally aloTig the wall of the intestine. In some sharks 
( CurcharlaSj (ialeocerdo) the fixed edge of the fold runs 
straight and parallel with the axis of the intestine, and the 
fold is rolled u]) uj)OU itself into a cylindrical spiral. 

The short rectuni terminates in the front part of a cloaca, 
wliich is common to it and the ducts of the renal and the re- 
productive organs. The peritoneal cavity oommiuiicatcs with 
that of the })oricardium ni front, and, behind, opens externally 
by two ahdornlrial parrs. The heart presents a single auricle, 
receiving tlie venous blood of the body from a simis venosiis. 
There is a single ventrl(‘le, and ibe walls of the aortic bulb con- 
tain striped muscular lil>res, and are rhythmically contractile, 
pulsating as r(‘guhi,rly as those of the auricle and ventricle. 

The interior of the bulb exhibits not merely a single row 
of valves at the vcutriculo-bullxms aperture, but several other 
transverse roAVS of semi lunar valves, Aviiich arc attached to the 
AA-alls of the btilb itself, and at its junciion with the aorta. 
Tliese A’^alvos must be of gr(^‘lt importance in giAdng full elfect 
to the propulsive force exerted by the muscular wall of the 
bulb. 
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In a good many MlasmohranrJiii tlicre is a spiracle^ or 
aperture leading' into the eiu ity of tlu^ mouth, on thft upper 
side of the liead, in front of the suspensoriiim. Ihoni tliis 
aperture (wliicli, according to the observations of Prof. Wy- 



Fia. 80. — TIio nortic bull) of a Sh.n-k {Lamrut). bii«l oih'Jj Io .sIjovv' tlie thi oo rov. i? of vnJvr.'i, 
i\ i\ «•, and (lie thick iuii.'<< ular wall, m, 

man, is the remains of tin? first vi.seeral cloft of t he (nnhryo), 
as well as from the proper liranchial clefts, long 'Dranc'ln’id lila- 
menis protrude, in tlio foidul state. These disap})ear in tlic 
adult, the respiratory organs of wliieli are tlaitcned [louelies, 
with traversely-plai ted walls, from five to seven in number. 
They open by external clefts u|)(m the sides (Sharhs and Vhi- 
nimra)^ or under-surface (iiays), of the neck, and, by internal 
apertures, into the jjliaiynx. 

Tlie anterior wall of the antm-ior sac is sujiported by the 
hyoideaii arch, )3etween the postmior wall of the first, and 
the anterior wall of the second sac, and bctwemi the adjacent 
walls of the other sacs, a brancliial arch with its radiating car- 
tilages is interposed. Ilciice the hyoidean arch supports otk^ 
series of branchial |)lates or laminae; while the succeeding 
branchial arches, except the last, bear two series, se])a rated by 
a septum, consisting of the adjacent walls of Iavo sacs with the 
interposed brancliial skeleton. 

The cardiac aorta, a trunk whicli is tlie cont iii nation r»r tlie 
bulb of the aorta, distributes the blood to the vi'sseLs of these 
sacs; and it is there ach'ated by the water which is t/iken in at 
the mouth and forced through the pharyngeal a|)ertures, out- 
ward. 
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Tho kiclnoys of the 'Ekmnohrartchii do not extend so fat 
forward as those of most other lislu^s. The ureters generally 


bocoino dilated near their teriniiiatioiis, and open by a common 
urinary canal into the cloaca bcliind the rectum. 

The brain is \v( ‘11 developed. It usually presents a largo 


cereb(illum, overlying the fourth ventricle, tho side-walls of 
whicli {fH)rpom ref^ti/ormla) are singularly tbidod (Fig. 37, 
a) ; and* inodcuate-siztMl optic lobes, which are quite distinct 
from the conspicuous thalaincnccphalon, or vesicle of the third 


r 



Y^G. 8*.— '■-i'iie brain of tlio vSkate {I?.irta hafts), vt. From aboA\' ; Ji. A portion of the ven- 
tral aspect ciiiar'?cd : s, the olfactory bull)s ; a, the cort bral licmbpbores which are nnlt^ 
In the middle line; ^ the thalaniciicephnlou; the ine.senecpJuiloii ; ^7, tho cerebellmn ; 
a a, the plaited bands formed by the f«v}h>ra rcstiforinia; 1., IL, TV.. V., the cerebral 
noiwcvs of the corrcspondini? pniis: the rncdn.llaohloiij^'.ita; 'U\ a bIocHl-vcss<!l. In A .• 
eft^ the chittsmaof the optic nervos; A. the jiiiuiUny body; nand v, vessels connoctM 
with it; h, the taaaufimm; the pyramids of tho mod alia oblongata. 
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ventricle. The third ventricle itself is a relatively ^vide and 
short cavity^ which sends a proion <>*at ion forward, on each side, 
into a large, single, traiisvcrsely-elongated mass (Fig\ 37 , <7), 
which is usually regarded as the result of. the coalescence of 
the ccirebral lie misji lucres, but is perha|).s, more prop(a*]y, to be 
considered as the thickened terniiiiatioii of th(3 ])riinitivo en- 
cephalon, in which ilie lartdna teri/nn^^ and the Jieini spheres 
are hardly differentiated. The larg(? olfactory lob(?s are usually 
prolonged into pedicles, which dilate into great ganglionic 
masses where they come into (‘ontacit with the olfactory sacs 
(Fig. 37 , -d., s). The lattt;r always o|icn upon tlu^ iiTid<u*-sur- 
face of the liead. A ch^ft, which extends from i?ach nasal aper- 
ture to the margin of tlie ga|)e, is tlui remains of tin? embryonic 
separation between th (3 naso-frontal process and tlie njaxillo- 
palatine process, and represents tlie naso-palatim^ passage of 
the hig'her Vertehrata, The optieno ves fusi^ into a complete 
chiasma (Fig. 37 , c/f), as in tlie higlau* ^^rtebraUK lu 

some Sharks, the eye is provided with a third (yedid or nictitat- 
ing membrane, moved by a single muscle, or liy two musciles, 
arranged in a manii(?r somewhat similar to tliat observed in 
l)irds. In both Sharks and Kays, tlui posterior surfata) of the 
sclerotic presents an eminence which articulates with tlie ex- 
tremity of a cartilaginous stem piTxa'cdiug from the bottom of 
the orbit. 

Except in Chiaurra^ thc^ labvihdh is C(>mplete]y enclosed 
in cartilage. In the Kays, the anterior and postericn' semi- 
circular ’’ canals arc circular, and open by distimd narrow ducts 
into the vestibular sac. fn tlie other J^jlasniohrarfchli they are 
arranged in the ordinary way. A passage, heading from the 
vestibular sac to tlie top of the skull, and opening there by a 
valvular aperture, represents the canal by which, in the v<nte- 
brate erabr^^o, ihe auditory involution of the integument is at 
first connected w ith the extiaior. 

The testes are oval, and are provided with an epididymis 
and vas deferens, as in the higher Vertehrata, Tlie vas def- 
erens of each side opens into the dilated jiart of the inxder. 
Attached to the ventral fins of the male are ptxuiliar append- 
ages, termed clasjKrs, 

Tlie ovaria are rounded, solid organs. Tluaxi are usually 
two, but in some cases, as in the Dogflslios and nicii fating 
Sharks, the ovary is single and symmetrical. The oviducts 
are true Fallopian tubes, wdiich communicate freely wifh tlie 
abdominal cavity at their proximal ondvS. Dislidly, they dilate 
into uterine chambers, which unite and open into flic cloaca. 
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The eggfi are very large, and comparatively few.* 

The D(;glishes, the Ihiys, and the Chhnmra^ aic oviparous, 
and lay egg's, enclosed in Jiard, leathery cases ; the others are 
viviparous, and, in certain species 31usteluH {7a vh) and Car- 
charlas^ a rudimentary jdacenta is Ibrmed, tlie vascular walls 
of the vunbilical sac beconiing plaited, and inLerdigitating with 
similar ibids of the wall of the uterus. 

The embryos of most LClasmobranchs are, at first, provided 
with long external branchial filaments, which proceed from the 
peiiphery of the spiracle, a.s w<dl as from mos,t of the brancliiul 
arches* 'I’hese disappear, and are fimetionally replaced by 
internal gills as dc^velopmcmt advances. 

The ElitsmoJiTtmcJnl arc divided irdo two g-ronps, the JTolo- 
ecjthall and tlie IHarfiostoinl. 

In the JJolotrphalJ,, IIk^ p.dato-qufidrato and suspensorial 
cartilages are muted v. illi one another and with the skull into 
a continuous cartilaginous plate ; the braiK'hial clefts arc cov- 
ered by an opercular membrane. TIui; teeth are veiy lew in 
number (not more than six, four of v liicli are in the uj)pei‘, 
and two in the lower jaw, in the living' sj)eci(\s), and diflbr in 
structure from those.? of the ]^la(jloslond. Tins sub-order con- 
tains the living Chlmwra and Callorhynvhiii^^ llie extinct 
Mesozoic Mdaphodon and Passalodon / and, very probably, 
sonic of the more ancient Elasniobrarmhs, the teeth of which 
are so abundant in the Carboniferous limestones. 

In the PUifiiostomr^ the palato-quadj atc and suspensorial 
cartilages are distinct from one another, and are movable upon 
tlie skull. '.I'lie branchial clefts an? not covered by any oper- 
cular membrane. Tlic teetli arc usually numerous. 

The Pldfjiostomi are again subdivided into the Sharks 
{Selaehrl or jSqnall), with the branchial apertures at the sides 
of tlie body, the anterior ends of the pectoral fns not connected 
with the skull by cartilages, and the skull with a median facet 
for the first vcj’t ebra ; and the Rays (/iV^yV/ ), with the branchial 
clefts on the under-surface of tin? body, the jiectoral.fins unit(?d 
bj’' cart ilages to the skull, and no median articular facet upon 
tJie occiput for the first vertebra. 

The JtJlasrnohrcaicJu’i are essentially inarine in their habits ; 
though Sharks are said to occur very high up in some of the 
great rivers of Soutli America. 

Botli divisions of the Plaffiostorni occur in the Mesozoic 
rocks. In the Paheozoic epoch, dermal defences and teeth of 
ElasinoJira^ichii abound in the Permian and Carboniferous 
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fonnations, and are met willi in the Upper Silurian rocks, 
except ill lli(? case oi Plea r acanthus (a Seliirhiaii), it is 
impossible to bti ceriaia to what siiocial divisions tln*y belong, 

IV. The G-AisroiDEr. — In fonner pinahxls of tlic worh Ps la's- 
tory, this was one of tlic larg(‘st aiif.l most impoi-lant of the 
orders of fishes; but, at present, it com])ris(‘S only tlH» si'ven 
genera — ‘Tje^^ulostem^ Poh/ptents^ (JaiamoicIftJtf/fi^ A/Ju'if., Aa- 
clpense)\ Scapirhi/n AiU'^^aiA Spatuhiricf^ >\ hich are (n'ther par- 
tially or wholly (aanfined to fresli water, and are foraul only in 
the nortliern heinispher<\ These fislies tiilfer vaay wuhdy from 
one another in many points of their organization, l)ut agree in 
tlie following* chara('t«vrs, sraiu'. of whi(‘]i tliey possess in cone 
inon with the lAasytiohra/iAii i., and others ’with the 7'deoAeL 
Thus : 

</. The hulhm aortev, is rhythmical Ily contractile, and pro- 
vided with several rows of valvc^s, as in the 

b. The optic nerv-es unite in a cliiasnia, as in the JlJlas)no 
bran chi L 

c. There is a well-d(.*velo])ed spiral val\a^ in the intestine, 
as in th(? hUa'^mnhran.chll^ in all but LcpldosteuH^ whicli pos- 
sesses only a rudiiiKnit of such a valve. 

On the other hand : 

a, Th(? bran(!]iial processes an- not fixed Ihrougljout tlan’r 
extent to tfie wall of a liranchiid sae, which ex lends bivvond 
theni, as in the Elamnobranclili ; but thm'r extremities proji^ct 
freely beyond tlie cidge of the sc‘ptnm whidi sc'pai’ates each 
pair of branr^hial clefts, as in tlui Tcieodcl ; and, as in the 
Tdeostel^ they are covered by a ]>ony o[)ereu1um. 

b. There is a large air-bladder eonnei'ted by a |iermanently 
lyricv.matic dm-t wdth tiui cesophagus, as in many Tdeodei, 

(\ As ill tlic Tdeostei^ tliere is no cloaca.. 

The ventral fins aia^ always abdominal in position. Tlio 
tail is diphycercal, or lioterocercal, and the tcn’minal po»’iiori 
of the nolocliord is not ossified. The cavif.y of the abdomen 
is placed in communicatioii with the exterior by abdominal 
pores, h'liuilly, tlie diu-ts of the reproductive organs eornmimi- 
cate with those of the perniiinent urinary ajiparatus, whidi is, 
in part, an Elasmobranch, in part, an Ampliiliian, charadi'r. 

The cxosk(d.eton presents trie most exlrmne variations in 
the Ganoidel, Spat alar la is naked ; Accipenm' arel Saapi- 
rhynchm develop nmnerous dermal plates cornjrosed of true 
bone; Arnia is covered with overlapping cyrdoid s(‘alos ; Lepd* 
do^teusivyd Polypterus have solirl^rhomboidal, enamelled scah^s, 

0 
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which not only overlap, but are hited tog'cthor by pegs and 
soc^kets, where MMt<‘rior and posterior edges come into 

contact. 



Fig. 88. — The brain of Lepidotiteua H(!mira(Hatiift, A. From above; B. From below: 
the TTK'diilla t/, the cerebellum; (\ the optic lobes of the incsenceijhalon ; 

the ctTcln'iil lioinitsplicres; /#, the i>ituilary both’; /, the lobi infci’lores. (■’//, <ije cliiaii* 
mu ; 1., olliictory ; U., ojitie nerves. 


The (Muloskchdon is not h'ss diverst^ly modified; and it is 
worthy of remark that no sort of relation, cither dire(?t or 
inverse, is traceable betvveen the completeness of tlie endo- 
skeleton and tliat of the exoskelcton. Thus Spatidaria^ 
Scapirhynehus^ and Aecipenser have a persistent notochord, 
in the slieath of which mmo cartilaginous rudiments of the 
arches of vertebne appear. The ri1)S, wlieii present, are par- 
tially ossified. Polypterus and A rnia have fully ossified ver- 
tebrje, tlie centra of Nvliich are ampliiccxdous. Pepidostcxis also 
has fully-ossified vertebrae; but their ccuitra are opisthococ- 
lous, having a convexity in front and a concavity behind, as in 
some Amphlhia, 

More or fewer of tln^ anterior vertc^bne, or their cartilagi- 
nous representatives, are united with one another, and with 
tlie posterior part of the skull. And the cranium may consist 
principally of cartilage, membrane bones btfing superadded ; 
or the pi iinordial cartilaga^ nan' be largely supcrscHled by bone, 
as in the Teleost<vl, 

Spatularia^ Seapirhxjn(diiis^m\i\ have skulls of 

the former description. 1'ho Cranium is oik? mass of cartilage, 
continuous behind with the coalesced anterior spinal cartilages, 
BO as to bo iimuovably coniiected with the spinal column. The 
notochord enters its base, and terminates in a point behind 
the pituitary fossa. In front, tlie cartilage is produced into a 
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beak, wliick, in Spattdarkiy is- very long”, flattened, and spatu- 
late. In tlie pericliondinm of tlie base of the sknll, iriediari 
bones, answenng* to tlie voiuor and to the {larMsphenoid of 
Toleostcan Ashes, are developed ; and, in thrit of its roof, ossi- 
fications, whieli represent tlie parietals, frontals, and otlier 
inciubrane bones of tin* ajipear. 

The fraincvvork of the jaws in Spatuhrrhi is vi'ry similar 
to that in tlie J:]Uy.^raohranyhiL Tlan'e is a partly eartilagi- 
nous, and parll y ossilied, sijs|)ens(n-ial eanilage (vi, ./>, Fig. 31)), 
y hich gives attaehnient below, direx'tly, to (lie liyoidean areli 
(//y), and, indirectly, to tlie jaws. 'Tiie ]att<*r consist of a 



Fio. BO. — Sul '-". ; )'.v of stull of with th** l.ioak cul awiiy. uiul tho autonor 

(<7S/.'), and ( />•!<<?), ►soinlOrciil.'ir canal, h c\'|>o>o<1 ; ,1 >/, auditory ckamlxfr; ( h \ 

tho orbit with Uio (yo; N, the nasal sac; ////, the. hyohloan niniaraf ns ; /iV*,lln* rci>ro- 
ponbitivos of the hi-ancliirKsIfir.-iI ray.s ; <>)\ opcrcuhmi; majidibk- ; .1, ./jf, Husixiiiso- 
rinni: />. nriliito-iiuadraU' f.-u'iila'i-t* i A’, iiuixilla. 

palato-qiuiilratij cartilage (/>) united by ligariKmt with its fel- 
low, and with tlie pnyfrontal region of the skull at 71 y and 
presenting, at its ])ost(‘rior end, a eonvex artiiailar lu'nd to the 
cartilage of the imindible, or Meekelian cart ilage, Mn, It is 
obvious that yl, 7?, eoiTOS]i<mds with the hyomaiidibular, or 
suspensorhil, caitilage in the Shnrks and Hays; 7>, with the 
pahrto-quadrate cartilage, or so-calhal ‘‘ upjier jnw,” and the 
cartilage of the inaudible with the lower jaw in th(>so animals. 
But, in the Ganoid hsigaii osseous operculum {Op) is atlached 
to the hyoni.andibular ; and a branch iostegal ray { Br) to the 
more strictly hyoidoaii part of tho skeletfin of the second vis- 
ceral arch ; wiiile a rnombraue bone (/v) rejiresenting the 
maxilla, and anotlicr (yl/)/) tlie dentary, of the lower jaw in 
Teleoste%T\x6 developed in connection w'ith the palato-quadrate 
and mandibular cartilages. 
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In tlie Si iirgcou (Fig\ 40), the membrane bones of tlie roof 
of the skull are more iminerous anddistinct than in Spatularkt^ 
and large dermal bones {I X) are nnited with them, to 



Fia. 40. — The ciivtila^-inous skvill of a Sturifeon, with the cninial bones. The former is 
sha<Ie{l, and .siipi)Osed to bo seen throu^rb tlie.Mter, are left unshaded : it, ri(l;^e 

formed by the sinnous pi'oces.se.s of tho untei'ior vertehi'i'o ; 0 , lateral wingfiko {iro* 

cesse.s; c', ro.stnnn: J/a, position of tbo auditory ori^afi ; A"a, jxisition of tlio nas.i! .sacs; 

that of orbit. The membrauo bones of the upper surtlieoarc: vl, tho aiialo.giu; of 
tho auj>ni-oe.(.ipit4i.l; 7)’, 7i, of tho 0 [»iol.ies; A’ of the ethmoid; (r, f/, of the ])os>lro;it.ils ; 
//; //„ of the pro fron tills; O, </. the (nirie.tals ; /A /A niefrontids, and F. the sqii.a> 
mosals* A" the anterior deniiul scute; 7,7, and A, A, tloi mill ossitk'atioiiseonneotiiij' tho 
»'‘‘ 0 toral ureli with tJio skull. 

form ilit^ great c^oplialic shitdd. Tlie .siispensorimfi (J\ //, A, 
Fig. 41) is divided into two portions, to the lower of which 
(at A) the proper h)'oid is uttadjod ; and tlie piilatoquadrate 



Fio. 41. — Side-view of tho eartUa^iuous cranium of Ao^Hpomcr : <t, rostrum; 7j, nasal 
oh;iniV»er; Of\ orbit; o. auditory refsHon; 7, coale. seed anterior vertebra*; e, riba;./' A, 
aufipensoruuu ; /j, palato-maxUlury apparatus ; JZ/j-, luaiidiblo. 


cartilages, with their siibsidiaiy ossilieations, are so loosely 
connected with tlie floor of tlie skull, that the Jaws can be 
protruded and retracted to a considerable extent. 

In Lepidosteiu^ Folpptow, and Ajnia, the skull presents 
not only membrane bones, but, iu addition, basi-oocipital, cx- 
oecipital, and prodtic ossifications of the primordial cartilage, 
to which others may be added. The vomers are double, as in 
the A mphibia (? Folypterus), The ajiparatus of the jaws has 
become modified in aocordance with the Tcleosteau type of 
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structure. Tlie suspensoriiim consists of two ossifications 
united by a cartilaginous intermediate portion. The upper — 
broad, and movably articulated with the periotic capsule — is 
the ilie lower answers to the syuipleetic of 

osseous iislies. The eartilaginons |^alato-quadra te arcade is, in 
part, re])laced by a series of bones : the jialatine lies in front, 
and is connected with the prefrontal region of the skull; be- 
hind it, lie representatives of the x^terygoid, the raeta pterygoid, 
the cctox)terygoid ; and, most jx^stcricaty, of tluj quadrate 
bone. Tiie last furnishes a condyle to the articular element 
of the. TTKindible, Tlxi syni|)lecti<i is either loostdy connected 
with tlic (paid rate, as in J^ipidostcus. or niorc closely united 
with it, as in the cjllKn* genera. 

In Jjepidosteas and Arnia^ a s^tix iig and long nunnbrane 
bone, i\\Q. pr cope ly idion^ is develoixxl on tli(‘ outer side of ilie 
liyoiiiandibular and (piadrati? ])ones, and connects them still 
more^. firmly togiHher. 

The maxilla is nqirescmted liy a s(?ri(\s of small scx>arate 
ossifications in T^f^pidostetis. d’lu' })^*t^-dnial end of the man- 
dibular cartilage ossifies, and liec'omes a disljiict articularc, A 
dmtavy elinncnt is addcxl on the outer, and a i^pknvd one 
u|>oii the inner siih^ oT the cartilage ; ami in X^f'jndofiteu.^^ cm- 
gidar^ suprarangubi)\ and coronarif elements are added, so 
that the (;()m])onciits of the mandible ani as umnerous as in 
rexjtih‘S, LLpfd(>Hmi^ and Anua have bninchiostc^gal rays, 
\y\xt Ikdyptc/rus lias none — at any rate, of the ordinary kind. 
A pigidar plate is devtdoxied lie tween th(3 rarnl of thri 

mandible in Am Ui^ and there ar<j two such ])lates in l\)lypUrm^ 
which may possibly rexxresimt branchiostegal rays. 

In Acidpemer^ Spalida/tda^ and Amvf^ the xiecloral arch 
Xn’osents two c‘onsiitiients ; one, internal and cartilaginous, 
answers to the cartilaginous jiectm’al arch of ih(i J^dasmo- 
hranchit^ and to the scaxnzla and coracoid of the lilglitn* Ver^ 
tchrata ; tlic other, extc'rnal, consists of membrane bo’ -es I'C])- 
reseiiting the (davicular, siqira-clavhailar, and x^tisi- clavicular 
bones of the Tdemtei, In Lepldosteus one eimtre of ossifica- 
tion appears in the cartilage ; in I*olypterus^ two. The ux:)ixn* 
rex)res(mts thi^ scapula, and the lower tlie coracoid. 

It has beim already stabxi (p. 38) that l\dypU:niH comes 
noar(^st to the Idlasraoh in the stru<3turc oi the rest of 

the limb. The nrmierous dermal fiu-rays, all nearly equal in 
size, are connected witli tlu; rounded x^tn’iiiheiy ot the broad 
and elongated disk formed by the skeleton of the tin ; and the 
Bcaly integument is continued to the bases of the fin-rays’. 
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which thus seem to friugo a lobe of the integiimcnt. Hence 
th(3 till is said to be lohtUe. In the ot her genera, only two of 
the basal cartilages are present, and some of the radialia 
come into contac-t with the shoulder^girdle between them. 
In addition, the anterior d(*]?nial tin-ray is much larger than the 
others, and Ixicomes directly connected with the anterior basal 
cartilage. Tlius, in the structure of their tins, as in so many 
other characters, the Gcuiohlel are internuHliate between the 
aiui the TdeosteL 

In certain Ganoids, as Zepidosteu^, Accipenser, luid many 
fossil genera, the anhirior margins of tlie antei ior hn-rays of 
the dm-siil fins bear a single or a double series of small scales, 

or spines, called /y//cv'(/. 

In Ac(d/)enser and Zolypterns^ 



spiracula^ or openings whidi com- 
nmnicalc witli the inoutl), He on the 
toj) of tlie head, in front of the sus- 
pensoriinn, as in many ]?]lasmo- 
bianchs. 

jA'pldoMcns^ AccJpe:iSfr^ and fSca- 
]}irhytirhus^ ha\ c brauchim attached 
to the hyoid (‘an arch, as in the JsVa.s- 
7riohn(n(-hiL TJiey are no^c called 
ojxTCMlfjr gllh. 

Ill Zobpjtevu^ the air-ldadder is 
double and sacculated, and the ]meu- 
inatic duct opens upon tho 3 ventral 
aspect of the (esophagus. The air- 
bladder thus b(*com(:‘s cxceediugly 
^'Hke a lung; bnt its vcss(‘ls are in 
(communication witli those ch the ad- 
jacent parts of tiue IxmIv — not witli 
tlie heart, as in a true lung. 

In .Lepulosteii^i^ tluc ducts of tlie 


Kuc 42.-'rhc rr.pv<,»hicLivo lualc and female r(c])r()(lucti\'o oj-gans 


or^jrariH of .Ainht iut/iui: a, </.. 
ttuf ojK'u 0 Is of the genital 
auels; h, 7 k o hinds; o, (7, the 

rl^ht nJi<l It^n, <»f the 

iiriiKoy lilarM«.‘r; e, c llio 

of tlio ureters ioi.o ihe )>b<{- 
dor;,,/; the anus; j/. the ah- 
doinlnal ttoros; A, lie 
aperture. 


arc continuous wdth tiiose bodies, 
and each duct ojitnis into the dilated 
ureter of its sid(‘. lii lh(3 other Ga- 
noids the proximal ends of the geni- 
tal duels, in both sexes, open widc'ly 
into the ‘abdominal cavitv'. In Zo* 


lyj/ieriffi the united iiretejs open into 
the cavity of the confluent oviducts, wiiile, in tlie other Ga- 
noids, the oviducts open into the dilated ureters. (Fig. - 12 .) 
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When the fossil, as well as the existin^^ Gfmoidei^ are 
taken into account, they form a lar^o order, divisible into tlic 
following* sub-orders ; 1 Amladm^%. JjepldosteldiB^ Crosso- 
pterygldm^ 4. Chondrosteldce^ all of which have living* repre- 
sentatives ; while the other tliree — viz., 5, (Jcjdiala^pidtB^ 6. 
Placodernil^ and 7. AcanthodldiB — have been extinct since 
the Palteozoic epoch, and are only r.'ing'od among* the Ganoids 
provisionally, inasmiicli as we have no knowledge of ilieir in- 
ternal anatomy. 

1, Tfie AmiadiB Imve ti single living representative in the 
rivers of North AmmicM — Antla calca • and it is not certain 
that any mcanbor of the group ocrairs in the fossil states Tlie 
cycloid scales, preoperculum, single median jugular plate, 
branclnosto^gal rays, nou-lobatc ])aired llns, and hetcrocorcal 
tail, diagnose the sub-prder. 

The Tu(ipidost6ldm have rIioml>oidal enamelled scah^s, a 
preoperculuin, brancliiostegal rays, non-lobat(^ paired tins, and 
heterocercal tail. These are represen i(xl in th(^ rivers of 
North AnitM'ica at present day, and in tertiary formations, 
by .Lepldosteus : in tlie ■Mesozoic rocks, by a great variety of 
genera — Lepldotus^ (hJe/onodf/A^ IMpedm.'^, eti*. ; ami, in the 
Paheozoio epocli, by l\de<)ftiscu^ in tlie (.!.tarbonif<M*ous, and 
probably by Cheirolepns^ in tlie Devonian, formation. 

3. In tlio Grossopterygldie the scales vary in thickm^ss and 
ornamentation, and may be thin and (.ycloid, or tliidc and 



rhomboid. The dorsal tins are either two in numbor, or, il 
single, very long, or rnultiiid. The pectoral fins, and usually 
the ventrals, are lobate ; they are sometimes rounded, as in 
Pohjpterm — -sonKhimes greatly elongatcxl and almost llliform, 
as in Iloloptychim (Fig. 43). Tlu^re arc no branchiostegal 
rays, but two principal, and sometimes many smaller lateral, 
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jugular plates. Tht 3 tail may be eitlier diphyccrcal or lictero- 
f;ei’cal. 

The onlv living rf'presoiitativos of tl)is sub-order i\xo Polyp- 
terns and Onkanole/U/iys^ Avliicli iiilm])it i1j 6 rivers of North 
Africa, Nutin'r of tlu'se arc known to occur in the fossil state. 
The only family of the su]>ordcr at present known among 
Alesozoic fossils is that, of the Oii^axumtJdnl^ a remarkable 
group of fish<3s \\ itli a persistent notocliord, rudimentary ribs, 
an air-bladder witii ossifie d walls, and a single iuterspinous 
bone for (\acli of the two dorsal tins. 'Fhe CodaearitMid also 
occur in tln^ Carl)onife.iT)us fornifilioii ; and the groat majority 
of tlic CrosRiypteryyidiXi arc found in tliis and the Devonian 
formations ( Osteokpts^ JJiplopfertfs^ (Pyptolanniis^ Megallch- 
thys^ ILjloptycJdns^ JUdzodffs^ D/ptervs^ Ph<rneropleuron^ etc.). 
Mi^/alkhthi/s^ and prol)M])1y a few otljer of these 

fishes, ha V(.‘ pa rfially ossified verfe])nd centra; the rest pos- 
sessed a ]KTsisi(ait noloeliord. It is l)y tlu3 (Irossoptcryffidm 
that the (hinoids ai*e (‘specially connected with the Dipnoi^ 
and, tliroug’h tlunn, w’ith tlic A inpldbUl. 

4. Th(? (JliondrifSteUUv. ai'o eith(3r nakf‘d, or liavc^ dermal 
plates of bone? in tlie |)lacc of scales. Neither the pectoral nor 
the y<3ntral tins arelobato. The brand ih^stcg'al rays are few or 
absent, the tail is ladanTxxux'a]. There are no eartihige-bones in 
tlio brain-case. Tin; tcadh are very small, or absent. 

Th(^ Sturgeons i^AvclpjcnscY ^ — wdiich inhabit the northern 
rivers of Europe, Asia, and America, occasionally migrating 
to the sea — d>pa(id([riap\\A in the rivers 

of North America), arc the recent niembers of this groiip, 
which is repnvsented, i^i tlie old(‘r Mesozoic rocks, by Chon- 
dr osteus. 

5, The anyr(*rnarkabl(' fishes, probably allied 

to the C}niiulrn^i{ddit\ w'ln<‘h fxx'ur only in the liOwer Devo- 
nian and the Upp(‘r Silurian rocks, and arc soinci of the oldest 
fish at ]>r(‘sfmt known. The head is covered by a continuous 
shitdd, whi(*h has the structure of true bone, in Cephalaspis^ 
but more resembles ceriain pisciuo scales, in 'Pcrapsis. The 
shield is ])rolooged into two Ijorns at its posterolateral angles, 
and ii median dorsal backwjird prolongation usually bears a 
spine, in Crpholaspfs ; the body is (’ovored with flat bony 
scales or plates, and i^ossiisses two largo po(doral fins. The 
characters of the liody and fnes of JAerapsis are unknown. 
Notwitlistundiiig the oxcelhmfc preservation of many of the 
specimens of these fislics, they hav(% as yet, yielded no evi- 
dence of jaw's or teeth. Should jaws be absent, the Cepha^ 
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laspiclm would approach the Marsipohranchii more nearly than 
any of the otlier arnpliirhino fishes do. 

0. The Plaeodenni^ comprising' tlio genera Coocostm^^ 
IHericJithys^ Asterolejyis^ find some others, are Iviiown to occur 
only in the Devonian and Carboniferous Ibimations. In tliese 
fishes tfie pectoral region of tlie body is encased in great bony 
plates, which, like those of the skull, are ornanioiited with 
dots of enamel. The caudal region M as covered M’ith small 
scales in I^eHcJdhys^ while in Cocconteus it appears to liave 
been naked. TIjo pectoral member of Pteric/it/iys is exceed- 
ingly long, covered with suturally-uiiited l)ony plates, and 
united with the thoracic jilalcs by a roguhir joint. In Coccos- 
feus the pc^ctoral Tnornber seems to liave liad the ordinary con- 
struction. Tlie bones of the head and thorax of Coccosteus 
nearly ri^semblo those of certain Siluroid fishes (c. g., Clarlas) 
in their Ibrm and arrangonieut, and it seems probable that the 
Placodernii M'cre anneclont forms b(‘Uv(Mm the pliysostonie 
Teleostel and the Oanoldei, 

7. AiUinthodiday^ on the <dher hand, seem to have con- 
nected the Ganoldel with the PlusmohyincdiiL The scales 
of these iishes of tJic Devonian and (.bj’bonilV'rous formations 
arc very small, and similar to shagrctai ; s])ines, I’osernbling the 
dermal defences of the Pkfsrjw/.nxinr/u’i^ are jilaced in front 
of more, or fev'cr, of the median and of tin* paired fins. The 
skull aiipears to have been imossiheil, and the ])(‘ctoral arch 
seems to have consisted of a single bony hoop. 

Tlie Pyenodontidti^ which are commonly grouped among 
the Ganoids, are hslics with much-c.oinpr(*sscd bodh's, like the 
,Tohn Dory or tlic^ Filellshes, coverc*d m iih large rliomboidal en- 
amelled scales, from wliich bony ridges |)rejcctcd internally, 
and M^ero imbedded in the integument. Tlie notochord is per- 
sistent, but the neural arches and the l ibs are ossified. The 
proximal ends of the ribs, imbedded in the sheath of tlie notev 
chord, are but little expanded in the more ancient members 
of tlic group, wliile, in the more modern species, they enlarge, 
and at length unite by serrated sutures, giving risi* to spurious 
vertebne. The skull is liigli and narrovv, as in Palistes ; the 
prcmaxilla'^ are small, and there are do teidh in tJie maxilla*, 
but several longitudinal series of (a*ushing teeth (tfu^ vomer 
and parasphenoid ?) are atladied to the liase of ihe skull. 
These bite between the rami of the mandibli*, wliicli are also 
armed with several row's of similar teeth. The teetti of the 
Pyonodonts have no vertical successors. Tlu? pccloral fins are 
small, the ventral, obsolete. The Pycnodonts are all extinct, 
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but oxusterl, formerly, for a very long period of time — theii 
fossil 2'emuins occurring in rocks from t he Carboniferous to the 
older Tertiary formations, inclusively. They present curious 
leatures of n^semblance to the plectognath TeleosteL 

Tiie remains of Ganoid fishes began to appear in tlie Upper 
Silurian rocks at the suirie time as those of the Elamiohranddi^ 
with which they constit ute the oldest Vertebra ta Fauna ; they 
abound in the Devonian formation, and constitute, witli the 
Elasmobraiichi}^ the wlioh^ of tlci fkikeozoic Fish Fauna. 
We arc in ignorance of the true affinities of Tliavsh and 
Thrissops^ and of tine but unless some, or all, 

of those are IVlo^osteans, Ganoids and Flasmobranclis, alone, 
constitute Ihf^ Fish Fauna of the Mosozc/ic formations, as far 
as tlie ];>ottom of tiio (h-etaceous sei'ies. 

y. The TiomiosTEL — Tiie osseous ilslu's are occasionally de- 
void of any cxoslvchdon. Somctiiia's they presmit scattered 
dermal plat;(‘S of true bone’; or, as in Iho Trnnklislies {Oatra- 
cfo>/), tlie body may bo encased in a coin[)loto cuirass, wliicb is 
ealcilicM], but lias not tlie .structure of bone. Again, as in the 
Filolishes th(‘. slvin may be beset with innumerable 

small spines, soinewliat like those which form the shagreen of 
the Klasmobranciis in appoai’anee, thoiigli they dilfer from them 
in structure. But, usually, the (‘xoskididon of the Tcleosteans 
takes tlie form of overlap] liug scales, which ran/ly exliibit tlie la- 
cunar characteristic of true jiono. The free jiortions of the 
scales ai'C somelimos .smooth, and rounded at tlio edge, when 
they are teriiKHl cycloid ; or tiny are rongliened with ridges 
and minute si)inos, wlnm they arc called ctenoid. 

Tlie spinal column always presents ossified vta*tcbral cen- 
tra, and (lie primordial cartilage of tlie skull is more or less 
rc|)laood by Ijoiie. Tiie centra of the vertebrae arc usually bi- 
concave, eacli face presenting a deep conical hollow. In cer- 
tain Eds {Synihrancfms)^ the centra of most of the vertebrae 
are fiat in front and concave behind, the most anterior pos- 
ses.sirig a c*on\ (nxity in front. In inany Siluroid fishes a cer- 
tain number of the anterior vertebra? are anohylosed together, 
and with the skull, into one mass, as in the Ganoids. 

The verfebra? an? ilistingui.shable only into tliose of the 
trunk and those of (he tail. The hitter are ]?rovided with com- 
plete inferior arche.s traversed by ilie caudal artery and rein.. 
The former usually possess rib.s, but llicse do not unite with 
one another, nor with any sternum, in the? ventral median line, 
and they enclose the thoracico-abdoininal viscera. Tlic ver- 
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tebritJ are commonly united by zygapopbyses, or oblique pro- 
cesses, placed above the centra; in addition to which, the 
lower margins of the centra are, not unfrequentiy, united by 
additional articular processes. I’ransverse processes connn on- 
ly exist, but the ribs are articulated with the bodies of the 
vertebne, or with the bases of the transverse processes, jiot 
vvitli tl icir ext rein 1 1 i( 

A\ hen a dorsal fin exists in tlic trunk, its ra} S ai’O aiticu- 
lated with, and supported Iw, elongated and pointed btnies — 
the ijitertyjrnoii/i hoNCs^ whicli are ilev(‘loped around pr(‘exist- 
ing cartilages, and lie b(‘ivveen, aial are ennnecled with, the 
spines of the vertel)ra\ The fin-rays may be (uitire and com- 
pletely ossified, or they ma^^ Ixi trans\ (‘iscly jointed and lon- 
gitudinally subdivided at their extremities. Kot unlrequcnilly, 
ttio articulation between tin? llii-iays and th(^ intm’.spiuoiis bone 
is efiected by tlie interlocking of two rings — one belonging to 
the base of the fin-ray and its inchidi'd d(Tmal cartilage, and 
the other to the summit of the intei*s|)inous bone — like the 
adjacent links of a chain. 

Ill all Toleostean fishes llie exlrcmity of iLo spinal column 
bends vq>, and a far greater number of the caudal fin-rays lie 
below than above it, Thf>s<* tislics ari‘, lhc‘refon^, strkdly 
speaking*, liclerocorcaJ. Never(heh.‘s.s, in tlie great majority 
of them (as lias Immui already mentioiu‘d, page TU), tlui tail 
seems, upon a sviperiicial view, to be symnH'lri(‘al, the spinal 
eolumii appearmg terminate in tla^ c<‘ntre of a weilge-shapcd 
hypural liono, to the free edges of which the caudal fin-rays 
are attaclied, so as to form an npptn- and a lower lolx*, wliicli 
arc equal, or siil)(M|nal. This charact erisi ically IVlcostenn 
structure of tlie tail-lin has been termed homocH'O'al — a nanui 
whicli inay lie retained, though it originated in a miscoTice[>- 
tiou of the relation of this structure to the lietcrocercal con- 
dition. 

In no Tideostean fisli is the b(mt-up ternii nation of the 
notochord replaced by vertebra?. Somethnes, as in the Sal- 
mon (Fig. t», page 20), it becomes ensheathed in cartilage, and 
persists throughout life. But, more usually, its slieath be- 
comes calciH(xI, and the uroslylo tlius formed coaIes(;cs with 
the dorsal edge of tlic up|)cr part of the wedgo-sliaped liypural 
bone, formed by tlie anchylosis of a seric's of ossicles, wliicli are 
developed in comieetioh with the ventral face of the sheath of 
the notochord. 

In the caudal region of the body, inbnsjiinous Ixaies are 
developed betw^een the spines of the inferior arches of the ver- 
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lo])nr, and bear the fin-rays of the anal, and, iit part, of the 
caudal fin. 

The I'deosfci diifer.very much in tJjo extent to wlucli the 
primordial eranimn persists throughout life. Sometimes, as 
in the Pike (Figs. 44 and 45), it grows with tlie growth of ihe 



Km. 44.— The eiirtiln^rinouf; enuiivmi of the }’ike ( ^viUl its intrinsle ossihea- 
lieiis; A’U'Wcd, A, iVeiii at>ove; it from below ; froTo the !efl side: A'. A’, luisut fossK*; 
J. Oi\ septom; o, .m'oove for the riiediuiv riil^c of the p{ini.s]>beiioid ; ?>, eannl 

for tile orbital nniseU-s. N/.. wroji^iy so ijiurked, is tin; J’ierotir-. V, ond V H I . jri.'vrk, 
ti'o exits of < lie. lifth ujid i>iieviuiog;istric. nerves *, It, a smnil os.^itieutiims of the rostrum. 

fish, anti only liecomes partially ossified ; in tllior cases it al- 
most disappears. A I »a si-occipital (7>. O.), cx-o(X*ipital (/tl O.), 
and snpra-occi])ilMl (/S'. O.) bom' are di‘velo]>ed in it, and form a 
complete occipital seg'mcni. The ])ro])er ])a>i-splieiioid [JJS) 
bone is idways a. vt'ry small, ami iisnrdly sonunvliat Y-shaped, 
bone. The alisplienoids (_1AV) sometimes are and sometimes 
arc not dev<th>ped. 44ie prt'sphenuidal and orbitoS[)heiK)idal 
regions commonly, but not always, remain unossified. 

Ill most osseous lishes, llie base of the skull in front of the 
basisphenoid is greatly compressed fioin side to side, and 
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forms an iriterorbital septum (Z Or.), 
the cranial cavity is consequeiiMj'' re- 
duced to a coiriparatively narrow pas- 
sage above the septum (Fig. 45). In 
the Siluroid and Cypriuoid lishes, 
liowevcr, this septum is not formed, 
and the cranial cavity is of nearly cfpial 
size throughout, or gradually diminish- 
ing forward. The etiunoidal cartilage 
usually remains uuossified, but kSoiiic- 
tini(;s, as in the J,*ike, ossilication may 
take place in it. (Fig. 44, 3, 3.) The 
anlorbital, or lateral ethmoidal, pro- 
cesses of the primordial cranium os- 
sify, and give rise to the prefrotital 
bones [.Prf.), The post orbital pro- 
cesses also ossify as postfronlals (ZV/!.). 
The upper and posterior part of the 
primordial cranium exhibits live pro- 
cesses — one postero-mcdiaii, two pos- 
tero-hitoral, and two j)()slf*i-o-external. 
The postero-ujcdian ossilir's as part of 
the supra-occipital {^S, (),), The ]>os- 
tero-lateral ossithhs as part of the epi- 
otic (./!/}>. 0.), w’liioh li(‘s upon the suin- 
init of the su])erior vertical semixhrcuhir 
canal. The postero- external closely 
corresponds with the squamosal of the 
higher Vertehrata in position ; but, as 
a carlihigo bone, it corrcs]) 0 !uls with 
an ossilication of the capsule of tlie car, 
called in the higher Yerhlmita. 

Not unfrequently, as in the C/od, for 
example, the opisthotic {^OpA),) is a 
distinct bone, and eaters into the for- 
mation of the postero-cxteriial process. 
The prootic (iV. 0.) is always a wcll- 
dov<4oped bone, anrl occupies its regu- 
lar place, in front of tlie ant<*rior ver- 
tical semicircular canal, and beliind tlie 
exit of tiic trigeminal nerve. 

In addition to these cartilage 
bones, the brain-case of osseous fislies 
is additionally defended by nurner- 


Thc anterior moiety of 





Pro. 45. — and ver- 
tical sertion ol' a Irohli Hko’s 
pkull.—'l Ijc* rut purfiUH* olV^iir- 
is (lof t ed. I 'or S. V.( % 
and /\ I'.r', n-ad o..v.o., an- 
torior. and ])ostorior 

S(unlcirc.u)iir ''anal ; <r, lha 

paras |.ilienoid ; /A tliti basi- 
splienoiti; Co, the vomer 
/*., the pituitary fo&sa. 
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ous membrane bones. These are, on the roof of the 
skull — 

1. The parietal bones which sometimes meet in ii 

sagittal suture, as in most of the higher Vertebrata^ but are 
very gcnierally separated by the junction of frontals with 
tlic supra-oecipi tal. 

2. The laige frontals which may or may not unite 

into one. 

3. Tlic nasal boiK?s (iV^/,), apparently replaced in the Pike 
by tlic bones 1 and 2. 




Kjo. 4fi.— Siclo and upper views of tfjo sknlJ of a Pike without tho facial or 

supru-orhUal boiu^s : ?/, tlio basispheiioid; s', tlio alisphonoul ; c/, tho articular lucct tor 
the liyomaii(iil)ular hoiio. 


The undersurface of the skull possesses two membrane 
boTH^s: in front the vomer (To.), and, behind, the liuge para- 
sphenoid ('j\ .r), which ensheathes all tlic dasis cranii^ from 
iho 1)a si-occipital to tlic vomer. 

A supra-orliital lione (>*. Or.) is the only iiKanlirane bone 
aiiached to the sides of the brain-case. Two premaxillary 
bones [P/ox.) are attaclied, sometimes closely, sometimes 
loosely, to tlio anterior extremity of the; cranium; and behind 
tliese are the inaxilke which are sometimes largo and 

single, as in the Cvjirinoid fishes, but may become subdivided, 
or be rediK'cd to m(‘re st.yliform sujijiorts for eirri, as in many 
Silnroid tishes. In most osseous fishes tlie maxillm take little 
or no share in the formation of the gape, ^vliich is bounded 
above by ilie backvvardly-extend<»d ])reniaxil]m. 

The palato-quadrato and hyomandibular have essentially 
the same structure and arrangement as in Pepidosteus and 
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Amia, The homologne of the suspensorium of the Elaw^O'- 
branchii is articulated with a surface furuish(?d to it by tlie 
postfrontal, pterotic, and proOtic bones. Usually it moves 



FiO. 47. — Side-view of the skull of a Tike (A’syw? luciHft) : /V/; pi-i frontnl ; If. Jil.^ liyonuin- 
dibular bo7io; opercuhuu ; >S’.0 /a, suboperculum ; I.O/i, intcroiuTciilinn; )'r. 
proopcrculum; Mr(/. brandiiostcj^iil rays ; /V//, synijilectu' ; Ml, moliij>1iTy;^^o'ul ; fU, 
iniluto-plicryf^oid arch; quadrate bone; Jir, urtieu iar ; An, aiiyiilar; i), <lentjiry ; 
S.Or, sulTorbital bone. 


freely upon that surlace, but, in the l^kctor/natld^ it may be 
fixed. It ossifies so as to aive rise to two ])Oju*s: an iijtper 
broad hyomanxlihtdar (7ZJ/.), witli whi(*h the oj>ereuIiini arti(> 



Fitt. 48.— Palato-quadrate areli, with the h3’^oinandibnIar and syrniileclie of the IMke, viewed 
trom liie iinior side; the articular pit-ce of the. lower Jaw, and Meeker .s cartilage 

of the Pike ; smi from the inner side: </, the cartila^’e Interposed bet ween uie 
hyoinandibuljir (y/. J/.), and the syinjdectic (Xv.) ; b, that which serves a.s a pedicle fo 
the ])tCTVj2ro-palatine fireh; c. prO(V*ss v)f the Ijyoiiiaudibular wit li which llie epta'ciiluin 
urlicnlat'cs; d, head of the hybiiamdibular whicli articuhilvs witij the skull. 

ulates; atul a lower styliform syniplertk' (^Ny.), wlilcli fils into 
a groove on tlu? inner and jtoslerior surafet? of the rjuadratt', 
and is hrmly held ihoro. 

Tlio palato-quadrate arch is represented by several bones, 
of wliich the most constant are the palatine {PI-) Iront, and 
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the quadrate LQti.) belli iid and belo\v. Besides tliese there 
may bv^ three others : an externa], evtopterygoicl an 

internal, mtoptcn/ifoid and a metapterygoid {3Ipt,). 

Tile last eiu'clojis llie upper and posterior portion of the 
priniilive quadrate cartilao’e-; and, Iixing’ itself against the 
hy<>inandibiilar, eontrlbutes to tlie lirmness of the union already 
eiieetcd by tlie syinplectic. 

Meekers cartilage ( ilTcA:.) persists throughoul life, but the 
ossilieation of its proximal end gives rise to an os artieidare 
in the lower jaw. To these an angular {And) and a dentary 
{D.) incinbraiie bone arc eoniinonly added (F’ig. 47). 

Tii(^ hyohie'aii arc1i is usually composed of two largo cornua 
— conneetcil \vith the cartilaginous intorvail ]>cLween the hyo- 
mandibular and the syniplecti(^ by a stylohyal ossification, and 
abutting, in the middle line below, upon one or more median 
pieces, the aiUi-rior of whicHi {entoglo.^saJ) su])|)orts the tongue, 
wiiilo tli(^ posterior ) cxhnids back to join the median 

elements of tin* br<‘U)clija.l nppanitus. The (^onuia thoinsolves 
arc usual iy* ossiliial into four pieces: an up])cr {eplliyal) and a 
lower {tnyratohyal) larg(‘ ossification, and two simdl ones {Ixisi- 
hy<ds) connected witli the ventral ends of the loAvan* large 
, ossiiie.ation. 

TJiere ar(‘ usu illy five pair of branchial arches connected 
by median ventral oss I fit ait ions. Tlie posterior pair arc single 
boruas, whicli underlie the flocir of tin? ])liaryiix, bear no bi'aii- 
chial filamcnis, but commonly support teeth, and are called 
hypophrfrgnge'd bones. In certain osseous lishes, tlienoe 
called Pliargyigognjiflif ^ tlu‘y auchylose together into one bone. 
I'lie anterior four jiair are coiiiposcd of stnaa-al joints, and the 
uj>[>ormost articulations of more or fewer of them usually 
expand, l>ear tcvjth, and form the epipharyngeal bones, Sun- 
ilry inqiortaut mranlirane lionos are connected with the mau- 
dibular and iiyoidean arehes, i:n'eopej\‘rd a ui (P. Op.)^ oper^ 

culani {Opd)^ and hiutHelilosfcgal rays (Z?r.), aln.xxdy met 'with 
aTnong the (eanoUef^ are the most consiant of lliese! Beneath 
the opercnliim, lies a. i^ahopereaJuni (aS. Op.)^ and below this 
an iyiteroperctdiini { fA)p.)^ which is connected by ligament 
witli the angular ]>ie(x^ of the lower jaw, and is also united to 
the outer IVux* of the liyoidcMu arch. It may be altogether 
liganKMiious, as in the Silui*oids, 

The brandiiostogal rays an‘ attaclied partly to the inner, 
and partly to the outer, surface of the liyoidean arcdi. Tliey 
support a membrane, the hrariehiostcg'al monhrane^ which 
serves as a sort of inner gill-cover. 
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Most Tdeosiei possess two pair of limbs, the pectoral and 
the ventral lins. Jhit the latter are often absent, and tlie 
former arc occasionally wanting'. When tlio pectoral Jins arc 
absent, the pectoral arch usually remains, tliough it. may be 
reduced to little more tlian a Jllament, as in MiirwtiopJiis, 
Tile ventral Pins are frequently situated in th(dr normal jiosi- 
tion beneatli the postca’ior part of the trunk; ])ut in consider- 
able grou]>s of these lislics tliey arc immediatcvly b(?hiiid the 
pectoral Jins (thoracic)^ or ovmi in front of them (jnr/idar). 
In the asymmetrical VlciironertUlai one jiectoral iiii may hi) 
larger than the otiicr, or may alone remain, as h\ Jfonochirus. 

The pectoral arch always consists of a yirimarily cartila- 
ginous coraco-scapular portion — which nsually ossilies in two 
pieces, a coracoid below, and a scapida above — and of sundry 
membrane liones. The <diief of tlicsc membrane bones is the 
clmncida ( 67.), which meets its fellow in the middle line, and 
is usually joined to it by ligament, but sometimes, as in the 



Fig. 49. — Tli« bonos of flio poctoivil and fbrc-limb of tho Pike ( finon' a 

somi-fliasrammatic view of these bones, It) sLow their relative' natural {.o.ntton. The 
clavicles (CV) is supposiat to bo transparont. /Sb*/, siipra-rlaviciila; p.cl. fiosCvlavIeuta ; 
c, </, the postenor and antcanor ends of the outer luar^dn of tlie seajtnlu'etMacoid. — J5, the 
scapiilo-coracoid and limb separate and on a lar/irer sealo ; si-apula: coracoid; 

t», basal cartllaf^'os ; b, fin-rays; <?, corresponds with e In the fotvjjreini? tii'uro. 
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Siliiroids, by sutural union. By its inner surface it gives 
attaeliment to the coraco-scapular — and sometimes above 
them, to a siyHfonn bone which extends back among the 
lateral uuisch's — the post-clavtcula (p.el,). 

Attaclied to the dorsal end of the clavicle, tberc is usually 
a second iniicli smaller bone, ihe supra-din)icida and 

this is very generally connected with the skull by a superficial 
membrane bone, tlie post-temporal^ which, in front, becomes 
forked, and attaches itself by one prong to tiie epiotic bone, 
by tlic other to the literotic, or lower down to the side of the 
cranium. The base of the fin contains a series of not more 
than live, more <^r h^ss ossified, cartilages, wliich are placed 
side l)y side and arlicnlate with tlie coraco-scapular; to these 
succeeil one or mon^ rows of small cartilages, partially hidden 
by th(? Ikiscs of the exoskeletal lin-ravs. The most anterior 
of these basal cartilagi^s (the mesopterygial basale) is enclosed 
liy the base of the antejlor fin-ray, aiul elfects that articulation 
with the shoulder-gird]<^ which is so rcmiarkalde in many Silu- 
roid fishes. The postt'rior cartilage, or bone, is the metaptery- 
gial Inisnh, and the intermediate three arc radialia (p. 3h), 

Most Teleostel possc'ss teeth, and, in ihe majority of these 
* fislies, teeth arc V(n-y 'widely distributed over the surhice of 
the walls of the oral and pharyng<\‘il cavities. I'hc toedh vary 
very much in structure; ordinarily, tlioy consist of dentine, 
ca})ped with slriicturcli^ss miaiind. TJie parietes of the tooth 
are not unfreqnently longitudinally folded toward ihe base, 
l)ut this folding never goes so far as in the Ganoids. The dif- 
f(Tent kinds and inod(*s of arraiigcinent of the teeth may be 
^.classiiied as follows : 

1. Isolated, more or less pointed teedh, de'vdoped from 
papilhe of tlio mucous membrane, wliicli do not become en- 
closed in sacs — fj-eqncntly aiu'hyiosed to tlie subjacent bone, 
but not iml)eflded in alv eoli, nor replaced verti(;al]y. The great 
majority of ordinary osseous fislies have teetli of this kind. 

Isolated to(dl», Avliich become iinbediled in sockets, and 
are replaccMl vva tica lly. 

Such teeth are seen in lire ])remaxilla) of l^arcpis^ where 
they ciirionslv' simnlale ihe form <d' human incisors ; and, im- 
bedded in th<^ couleseed hypojfiiaryngc^al l)oncs, in Jjabrus. 

3. Isolated teeth, iinbcMlded in the vsnbstance of the beme 
which supports them. Tlie tca‘th and the supporting bone 
wear away in front, and are ro]>Iaced by new teidh developed 
behind the others. This structure is seen in the coalesced 
hypopharyngeal bones of the Parrotfish (jScarus), 
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4. Beak-like compoiiud teeth, attached to the premaxilte 
axid dentary bones of the inaudible. 

Tlieso are of two kinds. In the Parroliish {Scanc<^) the 
beak is formed by the union of luunerous soparatel y-d(n eloped 
teeth into one mass. But in tfie Gymnodonts ( Tvirodon and 
jyiodon) the beak is produc^od by tlie eoalescenco of broad 
(Calcified horizontal lamcHai thrown off fr*>m a sii]>jac(mt pulp. 

5. In the Carp and its allies the basi-o('c*tpit;d Sinids down 
a median process, wliic-li expands at the (uid, and sup]:>orts a 
broad, thick, horny tooth. 

The stoma(3h is iisnally wide and sac-likv', but sometimes 
(in ^comberesoces^ Ci/prhiotds^ and others) is not wider than 
the iritesthio, Oecasiomdly, as in Mtuflly it ac(|uires thick 
walls and becomes gizzard-like. The comincncemeait oC the 
small intestine is very ^'criendly marked by the ])resence of 
more or less mnnerous c:ecal divcnticnla, the pylorie. e<y?ra; 
The small intestine has no spiral valve, the mucous 

membrane may be raised into large transverse folds. The rccj- 
ttmi does not terminate in a <*loaca, and almost always opems 
quite sopuratcly fro^u tlio urinary and gcmital ducts, and in 
front of them. 

In many T<dcf)sl:ea.u lishes ati a 'r-/da(7<Ier imdcM lies tlic ver- 
tebral column, and is coimecied by an o|)on ]mcninatic duct 
with the dorsal wall of the a'sophagus, or evcni with the stom- 
ach, as in the H(aTiMg. In otlier ih<‘ airddadder oc- 

cupies the same position, but is ck>se<l, the duct by which the 
air-bladder is primitively coniuicted with the alimenlary canal 
becoming obliteraled. In a compa.rathady small mimber of 
the Teleostel — the J3lc)inu^ tlie IKcurone^^tUhty, or Flattishes,. 
the Sand-eel [Animoilj/te^)^ the LorlcarinJ^ and jSi/nibninchii^ 
and some mend)t?rs of otlnn* families — there is no air-bladder. 
In those Jh/eostel in wdiicli it is pr<\sent, it may l>e divided into 
two parts by a constriction ; or it may be ])roloiigcd into di- 
verticula ; or mlrahtUa may btc dcvelopc'd in its walks. 

Somotinies the air-bladder is brought into dirc'cl relation with 
the membranous labyx'iiith, as in JShp'lpi'Utlti iiUd .Sparufi, and 
the Herring, Sliad, and Anchovy — 'prolongations of the one or- 
gan being soparatc^d from the other only by a membra tious 
fenestra in the wall of tlio skulk lu tlie SUtirolihl^ f 
noidei^ and Cfmraclnl^ and in tlie (hjrniiotini^ tlie anterior 
end of the air-bladder is connected with the membianous vesti- 
bule by the interuicdiatiou of a scries of bones attached to the 
vertebral column, some of wdiich are movable. 

The vessels of the air-bladder are derived from, and empty 
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tlieiiisch^es into, iiiose of the adjacent parts of the bodj, in 
wlucli rovspoct, irnd in tlio dorsal position of the oisophagcal 
aperture of ilio pneiunatic duct, iliLs structain^ ditfers from a 
lung. 

The heivrt eoitsisls of a single auriele, receiving its blood 
from a venous sinus ; and of a single vontritdo, S()j)Mrated by a 
single row of \'alvcs from the hrilhm aoi'ta^^ which is not rliybh- 
inieally contraclile. 

cardiac aorta divides into trunks to form the brauclual 
arteries, whirtli run upon the oubu’, or convex, side of the bran- 
chial arclms, and are dlstribulcd to the brancliial filanuaits. 
The blood is c<)llect(‘d tliencHi into a l)ran(hial vein, wliich also 
lies on the convex side ot* th.e arch ; and, increasing txjward its 
dorsal end, opens into one of the trunks of the orig'inal dorsal 
aorta. Of lhes(' tlnn-e are two, a right and a left, whieh ])ass 
backward and meet in tlu' trunk of the dorsal aorta under the 
sjhnal column. 

The ant(‘i'ior laanchial v<*iii gives off, at its dorsal termina- 
tion, a (n)nsirj(‘ra])l(^ ('ai'otid trunk, whieh ]>asses forward under 
the base of the skull ; and this is iinitiMl witli its fellow by a 
transverse branch — so that a comphde arterial circle, the3 c/r- 
n.ilus <'e]>Iialk‘tfs^ is formed beni'ath the base of the skull. Be- 
low, the anterior braii(*Jiial vein gives olf the hyoidcan artery, 
which ascends along th(> hyoidean aixdi, and very generally 
; ^rmiuates by one brnuch in tlie cepbalic circle, and by another 
a refe tnirahlle^ w hi(*li lies in the inner side of the hyo- 
iiiaudibular l)onc, and soimytimcs has the form of a gill. This 
■ "is the p,^ei((iohr(r)ic/tki. 'tdie branches of the rcte rnh'ahile 
unite again into the <)})hlhalmi(* artery, which pierces the scle- 
rotii', and Ijreaks np into another rdc liilrohlle^ the choroid 
(jland^ before* being iiiially distiabuled. 

In the I^amprey, r.s has l)<*en scon, tlie res})ira.U)ry organs 
are pouida/s, the anb^rior and pCKstei'ior walls of wliich are 
raiseel into vascular folds. The walls of adjacent pouclu*s are 
distinct and Init loosely connected logetlier, ; and considerable 
spaees of integument separate tlK*ir rounded outer apertures. 

In the ordinaiy J'Jl<mn.oi>raiirhip tlie 1)ran(‘hia] pouches are 
more jlatt(mcd frtjin before liackward, and tluhr outer apertures 
are more slit-like. Tiny iutegumeiitary spacers between the 
slits aie corros])ondiiigly narrow(*r, and tljc adjacent walls of 
successive pouches are more tdosely a])])roxiiiiated, so that they 
are divided only by septa ; but the vascular plaits of the sur^ 
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face of tlie respiratory mucous tneiiibnnie do not rcnxdi the 
outer edges of these septa. 

In Chimmra^ the free edges of tlu’i >se})ta arc exceedingly 
narrow, and the apices of the braiicdiial processt's extend out- 
ward to them. 

In the Sturgeon, thc^ S('ptniu is not more than 1]u'<M>rourths 
as long as the branchial processes, the apices of wlueli are 
conserjuently free. 

The process of reduction is (tarried still fiirilier in Uie Tele- 
O^lel — th(f septum not attaining to ino]-e- than <nuvt]iir<l the 
length of tlie branclual proeexsses ; and, as in tljc (iaiioids, 
eacli process is supported by an osseous or cartilaginous 
slveleton. 

The TeJeostei have no fimetional ]»yoi(h.'an, or 0 ])ercular, 
gill ; and, as a general rule, eai.-h of th(‘ir four bi-anchial arches 
possesses a double seri(\s of branc'hial |)ro(H\ss(‘S, ujaking* eight 
in all. Not uiifrequently (Ji/doptcrus^ (dx*.), the 

nurriber is riHluced to seven ; tin*, foniih bram^hial arch liaving 
only one vseiies, the arrlorioi*. In tliis (xisc, tla? gall-rdeft, which 
should lie bet\vc('u tliis arch and the lift 1 1 , is elosixl. Soin<‘- 
times there are only six s<.‘i ies of bratichial [>r( /cesses, tin? fourth 
arch ])oing devoid of any (e. g’,, Xo/>/////.s*, Dlodon), In j^IaU 
tfima the miiul/er is nxluced to live, only t he nuterior series of 
the tliird areli being d(‘Vclop(xl ; and in A mphlirHons vudihh 
only tlK3 second branchial arch possesses la’ancliial hlaments, 
the first, tliird, and fourtli, being d(wuiii (.>f tlicm. 

Many Telcost( 3 an tislics possess a/'cessory ri'Sj/iratory or*S 
gans. These may take the form of arboresiamt apjxnulages to . 
the u})per ends of some of the braiu'hial arches, as in l 

ITeterohrcinvlnii^^ and Ileteroth ; or, as in the f /llniliing Pt^rch 
{Anahad) ami its alli('s, the cipipharyngt'al liones may (nilargc 
and ai'qniro a labyrinthii; honeycombed stnictuic?, ainl support 
a large surface of vascular mucous menibrant* ; or, as in the (.'lu- 
peoid (luxitodclra cAr/uos), an accessory gill may be devidopcd 
in a curved ca'cal prolongation of the* Ixiam hial < avit y. Final- 
ly, in SaccohraneJms sinfflo and in Arn}dup)tom (mvhhf^ tlie 
membrane lining tlie branchial ehamlK^r is proiongrxl into sacs, 
which lie at tlie sides of the body, and recc*iro the Idood from 
the divisions of the eai'diae aoila which svi])ply the branch he, 
while they return it into the dorsal aorta. 

All tliese fishes (except T^iitodeira) are remarkalile for tlieir 
power of sustaining life out of tlie water. Many inhabit the 
marshes of hot countries, whicli. iK^come more or less desic- 
cated in tlie dry Kseason. 
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Tlie kidneys of Teleosteau fislies receive a g^reat part of 
tlieir blood ?vom Mie caudal vein, wliidi raminos in thorn. They 
vary greatly in length, sometimes extending along tb(j whole 
uudcr-surhice. of tiie vca-tebral column, from tlio head to the 
terrninatioii r)f the abdomen. The ureters pass into a urinary 
bladder whieli o}>ens bohiiul the rectum. 

The brain in the Teleo-^tel has sol- 



Fio. no -“Brain of’ the Pike, vJow- 
0(1 from above: a, the oKiictory 
nerves or lobes, and heneatli 
tliem the o[)tie nerves; 7 ?, ttie 
c^'rohral homisj)hor(‘s; (f, the 
optic lobes; />, the cerebellum. 


id e(‘.r<^bral hemispheres, and, when 
viewed from above, tlie tbalamen- 
ceplialon is hidden by the approxima- 
tion to the liomlspheres of ilie large 
and hollow optic lobes of the mcsoii- 
(‘e[)liaIon, which lias a pair of inferior 
(‘nlargements, lohl inferiore^. There 
is a peculiarity about the structure of 
the optic lobes, which has given rise 
to much diversity of interpndation of 
the pnrts of tlie brain in osseous fish- 
os. The jiGsterior wall of these lobes, 
wliere it passes into tln^ <’erebellum, or 
in the rr\giou wliich nearly answers 
to the valve of V’^icussens in mammals, 
is thrown forward into ii dee|> fold 
which lies above the crura cerebri, 
and divides tlie Iter a tertio ad quar~ 
turn lurntrleiduin from the veutricle 
of the optic lobes throughout almost 
the whole extent of the latter. This 
fold is the fornix ” of Gottsche. On 


catch side of it tlie floor of the ventricle of tln^ optic? lobes is 
raisc?d np into one or more? emiuGiioes, wliich have the same 
rehitiou to tlce o])tic lolx'S as tlie corpora striata have to the 
prose ncephal io vesicle. 

Tlic o[)tic iK^rvos simydy cross one another, and form no 
chiasma. 'Tlie cerebellum is usually large. 

The cephalic yiart of the symyiathctic nerve is present, as 
in the liigher Vertd>rata. 

Each of tlie nasal sacs usually opens externally by two 
apertures. In some Gymnodoiits a solid toitacle is said to 
take the phicc of a nasal sat\ 

The eyes arc abortivm in tho Blmd-rish of the oaves of Ken- 
tucky {^Aaiblyopsh speheus), 7\ fibrous band often passes 
from the back of tlie orbit to the S(?lerotic, and roy^rcsents the 
cartilaginous pedicle of the Elasmobranchs. There is no nic- 
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titating membrane, but immovable external eyelids may be 
developed. The ehoroidal gland, mentioned al)ove, siirroimds 
the optic nerve between tlic S(*loroti(* and the choroid. V cry 
gerierally, ayY//c{/b/v>/ process of tlic latter incinbranc traverses 
the retina and vitreous hiirnor to the crystalline lens. Tliis 
represents the pecten of high(?r ] As in other fishes, 

the lens is spljeroidal, and the cornea flat. The saecidns of the 
auditory organ contains large solid otoliths, which are Tisu<any 
two in numl)er— tli(> larger, anterior one, is tcnantal ; 

the SI nailer, posterior, /I There arc? always three 

largo semicircular canals. 

The reproductive organs are cither solid glands which burst 
into the abdominal cavity, wlicnee their rej^ioduotive elements 
are conveyed away by a])domiiia.l port's; or, as is moi*c usual, 
they are hollow organs, and areconlimied l)a.c]vward into ducts 
which open beside, or behind, the urinary apertiirc. 

Some few Teleostei are ovoviviparous (e, g., Zoarces vi- 
viparus\ the eggs being retained in tin' interior of the ovary, 
and hatched there. In the male Syar/nathus^ and other Lo-* 
pliohrmichn^ integumentary fohls of Ihti aixiomen grow down 
and form a poudj, iulo which tin? t^ggs art; ret'tdvt^d, and in 
which they remain until they are halclied. 

The young of osseous fishes are not known to undergo any 
metamorphosis, nor are they provided with external gills, nor 
witli spiracula. 

Tlic classification of the Teleostei is not 3 a:;t in a thoroughly 
satisfactory state, and the following arrangement must be re- 
garded as provisitnial : 

1, The PJiysostOiiil. — This group contains the l^ilurotdei^ 
the Gyprinmdel^ tin? Gharaelni^ the Gyprinodontes^ tin? /St/Z- 
wo7iidiV^ the Seopelinl^ the JCsochd^ the Morntyrl^ the GalaX’- 
ice^ the Glupeider^ tlie Ileteropyyu^ tlio Mvrmwidcl^ jSym- 
hraneJiii^ and Gymnotlnu The air-bladder is almost alwxiys 
present, and, when it exists, has an opi'ii pneumatic duet. The 
skin is either naked, or provided with bony ];)latcs, or eyedoid 
scales ; the ventral fins, when present, arc abdominal in po- 
sition. The iin-rays (exc<?pt in the pectoral and dorsal fins of 
sundiy Hiluroldei) arc all soft and jointed. The inferior pha- 
ryngeal bones are always. distinct. 

in all other Teleosteaii fishes fhc air-bladder is either alx 
sent, or devoid of an open pneumatic duct. Hence they are 
termed, collectively, PhysocHsti by Haeckel. 

2, The AiiacanthinL — The body has cycloid or ctenoid 
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scales, or is naked. Tlie ventral fins, if present, are jugular in 
position. The firj-ruys are all articulated, llie inferior pliaryn- 
goal lioiies are distinct. ( Ophidttvi^ (Jroxloidtl^ l*lti(rone(dj.di'^\^ 

The Pleuroncctidtn arti the most aberrant of all Teleostean 
fishes, on account of the disturbance iri the bilateral symmetry 
of the body, skull, and tins, to ^vlilch refcaenco has already 
been made (j). 30). 

3. Tlie A.ea)ttJu)])tcri have generally ctenoid scales, thoracic 
or jugular ventral tins, entire liii-rays in' some of the. tins, and 
distinct inlei-ior pharyngeal boincs. The JA‘rcoldef^ (Jota- 
phractf^ SjHiro 'idei AS'e/o-v^oh/c/, Ix/hyrlntliici^ Aiuydouh'U 
tncantlnid^ Sroirdjeroidei^ Hquaiu ipennes^ Tir riUridel^ (rohioi'' 
del^ JUonrhjJdjd^ Prdiciilati^ Theut/iyes^ and Justulares. l>e- 
long to this great group. 

4. ddio PliaryjiyognatJd is the uaun; given by Midler to a 
somewhat artificial asscunblage of fishes, tlio only common 
characters of wliicli arc lh(i anchy]<\sis of the inferior plinryn- 
geal bones and the v*1os(m] ]>neuTnatic duct. Tluw liave either 
(iycrloid or ckaioid scales. Tlu' veutra.l tins may be abdomirnd 
or thoracic, ''riie anterior dorsal and ventral fin-rays may 
eith(.M’ unjoinix'd, as iti the Ij(d>r<rldcJ^ ]\>iyi(iAX!)itrhlxx^ Chro' 
'falda ; <jr art icuJatcd, as in the ^cornheresoees, 

d'ho two r(unaining gron 2 )s are very peculiar ; but T con- 
Icss I do n<;t si‘e u]K)ii hat grouud th(w can l)e regarded as 
of oidiind vahu‘. 

5. The — The body is covered with bony 

plates. Tiui ventral tins are almost always absent. Idie infe- 
rior j)haryngi;al bones are distinct. Idie l)ranc]iial processes 
ha\a? a clavate form, bt‘ing larger at the free tlian at the. at- 
tached ends, and are in tliis respect unlike those of any other 
fislu's. [I*eyasfdir\ tSynynatlruki,) 

6. The Idxx^toyniitln , — The ])ody is t*overed with plates or 
spines. The vauitrul tins are absent, or represented (>nly by 
spines. The inferior pharvng*cal bones arc distinct. 3die pre- 
niaxillai and, usually, the liyomaiidibular, arc iininovahly united 
with tlie skull — a eharacter of rare occurrence among otlier 
fishes. ( (xyranodontldm^ Ostratdontuky:^ JiallatidfiJ) 

Tlie greater nnmlier of Teleostei are marine. No jinacan- 
third^ PlectoynafJd ^ or Tjophohranddi^ and only one family of 
PharynyognatJd (tlu? CJiX'onddo^^ inhabit completely fresh 
water. Comparatively few Acanihopterl are tluviatiie. On 
the other hand, by far the greater number of the Physoatomi 
are, (fither temporarily or j^ermanenily, fresh-water fish. 

If the PeptolepidcJB {llirisaops^ LcptolepiSy Tharsls) are 
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Ganoids, the Teleosfel are not known before the Cretaceous 
epocli, wlieii both IVn/mstomi and Aranf.lioptcrl rnakc their 
appearance, under forms, some of ^v^llich (e. g*., 7hM‘y.ii) are 
genericalh^ identical witli fish living at the present flay. 

VI, Tlie DiP-NOi. — 'Plif? ‘VMudiislies ” of tlio rivois of tlio 
east and west cjoasts of AlVica and of easte]*n South America 
are* nearly transitional forms between .Pisces and tin? Am- 
phibla. 

The eoidik(i bod\", eoverfal \vit)i ovorliipping cycloid scales, 
tapers to a point at its caudal extremity, and is provided with 
two pairs of long, ri])bon-likc, pointed (extremities, anti with a 
caudal tin. 



Fia, 51. — ^Tli> Mudfisli {Lepidosiren), 


Or B 



Fro. 52. “Skull of Lt^i>idoiiireiv annecUm: the i>nrioto-fro«t4il bone? ; IK tJto pupm-orbi- 

bil; (X tlifi niiSRl; A tho jKilato-ptm'ji-oid ; tlio vointirnio JX 0., tins ov-oeL*ini- 

cal; tlie inoiidiblo ; Jl//-, the* hyoid; 7J/% the br.'inohiftsto^'iil riiy.s; 0/>, th<} operculftr 
pliite; MS, tho paraspheiioid ; y, tho jiharyngo- branchial ; C>r, the orbit; the auditory 
ciiaiiiber ; W, the nasal sjui. 

7 
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The sj)inal coliimn consists of a tliick iiotocliord, invested 
by a cartilao*inous slicaili, Avitbont any osse^ms or cartilagi- 
nous vertebral centra, Tlie jnoximal cuds of ossiHcd neural 
archeSj of ribs, and, in tbo eaudal region, of inferaor arclies, are 
imbedded in llic sbeatli of tlie notoeliord. 

Fill-rays 8Uj)[)()rt the median tin. Tlie skull, tlie palaio- 
quadratic and siLSjxnisorial a])|)aratus, for as in CJiimcm^a^ 
one eonliniious cartilaginous mass, into the base of Avliicli tlie 
rioto(‘hord pcnotrat<\s, terminating in a jioint behind the pitn- 
itaiy fossa. 

bio cartilagf* bone is dcv<doped in tlie place of the basi-occi- 
pital, supra-oiaapital basisphmioid, or presphenoid ; and there 
are only two such ossifications, Avhicli nqiresent tlio cx-occJpitals 
O.) in llio sid(?-walls of the craiiimii. A large parasplienoid 
(;«) underlies tlui liase of the skull. Upon its roof a great single 
bone (^i), answiniiig to the pariet.als and frontals, extends 
from tlic oc(*i[)iiai to the etlimoidal regions. In front of tliis 
are tNvo nasal bones (6^). 1’iierc is no alisplienoid, but the 
fronto-parietal and para.^ipheiioid send processes toward one 


// 1 \ 



Fun r>l.~T.oni,ntiuliTi.‘il ;iik 1 vcrlicul sfclion of Iho skull of Lepi(J(>f<iren. The cnrtllMtre is 
• lotled; 1l»o joriMlminous anti lioiiy eons! itiionls tiro sluwltnl with linos, vl, (\ JK h\ 
Hf/^ us in Iho protu^din*; liAnro; u*, tlio paruspluuioid ; /*, ourdl.'if'inoiis prosphouoi- 
d:il region; o//, iioiix’hord ; .Iw, .sil nation of ainlilory olnunlioi- ; i, 2. I4rst and socoml 
vort( lM-!o; ]''///., tjAits of optk-, trij^oniiual/ajul vagns Jicrvos; a," q uadnito- 

uiandibnlar urtiouhiUoii. 

another, which unite in front of the exit of the third division 
of the fifth nerve. Tliei*e is no interorbital septum, and the 
cavity of the skull rtmiains of tolerably even d iamettir through- 
out. In front of the exit of the opt ic nerves, Imwover, it is 
longitudinally divided by a membranous se])tum. 

The ethmovomerine cartilage is continued to the anterior 
extremity of tlic skull. It bears teeth, but no distinct vomer. 

A great palato-pterygoid osseous arch (IJ) extends from 
tlio middle line along the upper and the iinaer surface of the 
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pa] ato quadrate arcli on each side to near the articular surface 
of the rnandibie. In the middle of the roof of the nioutli, di- 
vergent, cidting, dentary plat(\s arc develo])ed u|)on it. An 
osseous nodule lies in the articular Ik ad of the palatoquadrate 
cartilag'c, and is continuous >vilh tJic ]K)nc .7d 

The mandible presents den I ary plates corres])( iiding* wilh 
those of t]ic pajate, and biting between tlie latter. The li 3 "oi- 
dcan arch is attached to the posicrior aral Jow<‘r edg<i of the 
suspensorium — vvl)i^h bears a bony ray i‘epr(\s(‘ntiirg an oper- 
•eulurn — while the liyoidean areli its('if eaiaies a single bran- 
chiostegal ( 7>b’, Fig. 52). 

T1k 3 pectoral arcli is coinposctl of a mtalian cartilaginous 
part, with two lateral portions of cartilage, at once se])a.rated 
from, and conne(*ted with, the median cartilage by bom*. The 
bone is separated from tlie cartilage by a layer of connective 
tissue, and seems to repiesent the clavicle, while the cartilage 
answers to the coalesccait coraco-scapiilMr cartilages of otlier 
fishes. 

The filiform fin is supported lyv a nia,ny-j()iiited cartilagi- 
nous rod, ju'ticuhit(.M] ])roximally \vith tlie coraco-sen pillar. 
Upon this arc di.s})os(}d iim.' flu-rays ]ik(‘ tljose of ilio Elasmo- 
branclis, which support the niargiiial fringe of the fin. Tlie 
ventral fin has the same structuri^ as tlie pectoral. 

The intestine possesses a sj»ira.l valve, and tljo rectum 
opems into a cloaca. The lungs have rt‘markal)ly stiff walls, 
and extend through the greater part of the bodjq beneath the 
spine. The glottis, optaiing upon the ventral wall of tin; 
gullet, plac<‘s IIkum in connnunication with the ('avity' of the 
nioutli, into wliicli tlie nasal sacs open by posterior ajXM-tuiC'S, 
whicii lie inside the upper lip and constitute true posterior 
glares. The heart has a small, but distinct, left auricle, into 
which 'the blood which has been aerated in the lungs is re- 
turned*, la addition to lungs, T^cpulosireri possesses botli in- 
ternaUand external gills, but the latter are rudiinent.iiy in tlie 
adult. 

The different species seem to dilfcr in the manner in which 
the primitive aortic arches are metamorphosed ; but it may bo 
said, generally, that the first has disappteared ; the second sup- 
plies an. internal branch] a developed upon the hvoidean arch; 
the third giv(?s off the anterior carotid arteuy, and supplies 
iieitlicr internal nor external branclna ; the fourth supplies 
only?^ the first external branchia ; the fifth and sixth supply 
both internal and external brancliiie ; w hile tin? seventh is 
conueeted only wnth an internal branchia. The pulmonary 
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artery seems originally to have been given ofT from an eighth 
aortic arch. 

It is a reiTiarkahlo circunistaiiee tliatj vvliilctljc I)ip}H>l pre- 
sent, in so many rcspcet.s, a transition betvveoji tlio piscine and 
the annpliibiaii types of structure, tlic spinal column and the 
limbs should be not only piscine, but more nearly related to 
those of tlie most ancient Crossop t cry gi an Ganoids than to 
those of anv other iishes. 



CHAPTErv IV. 


TIIK CLASS AMl'IinVIA. 

The I M j I r vopsj da. — C l a ss IT. — A -^rl>I mu a. 

Tiio only (-learly dia^'iioslic cliaracters of iliis class as com- 
pared Fishes arc the following' : 

1. A nq^Jdlrla Iiiivo no iin«rnys. 

3. Wlaui limbs Jire pT<‘sent ihey crinlain the same skeletal 
eleinciils as those of the higher Veriefrrata, 

Certain other stniciural jKMUiliarities are common to the 
whole of the <ni<l arc veay chanK'tm’istie of them 

withoni Ixdrig (iiagiiostie. Thus: 

L Tlic body is usually (h'void of any exoskeletoiij and 
when s(.*nles, or sraitcs, are ])reserit in Aiiiphihlif^ they 

are concealed wil hin tin? skin { Hidt Ipplfer). In the 

extinct Jjahj/ruithodofifa^ the d«*rmal armor is confined to the 
Acnlral region of the Ixaly, 

, 2, The. verfebrnl cemfra. arc always re})resentcd by l>one. 

3. The sacrum raixdy consists of more than one \ crtebrii, 
thougb there arc individual exceptions to this ride, as in 
Afenopotno, 

4. The suspensorial ap]^aratus of the mandible is continii' 
ons Avith the sknll, Avliich has two occipital condyles, and no 
completely ossified basi-oc(ri j )i tab 

5. There ar(^ no sternal ribs. 

The Amj)?uhia are divisible into ihe follo^vin^ ^rroups : 

A. A distinct and often lon^ tail ; tlio vertebne ainpljicodoTis or o]>is- 
thoeodons; tlie ])roxiinai elements of the tarsus not ehnigated. 

A, T\^o or lour limbs; no scutes or scales. 

I. Stiurohafruchln or UrotJ/ht. 

a, External branclnic or gdl-clefts persistent, or disappearing 
0!ily in advanced age; no eyelids ; veitebra; ampbiooiloufl ; 
earpns and tarsus cartilaginous. 
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1. Protckica. 

h. No branchi.'c or branchial clefts in the adult ; eyelids present; 
carpus and tarsus more or less ossified ; vertebraj commonly 
oi>isthoCfeloiis. 

2 . SidiWiarulriilea, 

JL Lind)? absent, or all four present. Three lnr;:re pectoral osseous 
p>lates and an armor of small scutes on the A^ontral sui fuce 
of the body; Tortobne amphicadoiis ; walls of the teeth more 
or less folded. 

, IL La h>/ri tt lliodoii la. 

B. Tail ()V)S()lctc in the adult. 

A. Limbs absent; numerous miniile dermal scutes imbedded in 
the Inteirumcut of tlio sorpentiforin body. 

III. Oyni^ noph wna. 

li. All i’our limbs pn'sent, and the proximal elefueiits of tb<^ 
tarsus much e!ong-ated ; the body short, and the inb'pjumont 
devoid of small seutes, thouLdi dermal osseous plates are 
sometimes develop(a.l in it. 

IV. JhfraALia or 

The infegiirnent in most Auiiilnlda is soft and inoistj ns in 
the Fntg', vvlierc niiiiicroiis i»laiids oj:)eTi u[)oii its surfiiee. Tlie 
Gymnophiona are exceptional, amono* existing’ Ampldhla^ 
in })OSS(‘ssing small, roiinded, flexible scales, like the cycloid 
s(‘.ales of fishes, imlx'dded within tiie wrinkled iniogiimcnt. 

In certain BatraAiia ( (Jcrafophrtjs dorsata^ Ephtppifcr 
mirimtiaeus)^ flat dmamd bony ])lates are developed in the 
dorsal integument, and become united with some of tlic sub- 
jacent vertebra'.. Many of the extiiu't I^cdyyrlnthodouta.^ and 
pnobably the whoht of tlic members of tluit grou]), possessed 
an exoskifleton whi( h appears to have been eontlnod to the 
ventral surface of the body. Under tlie anterior part of the 
thorax tlierc is a sort of plastion composc'd of one median and 
two hiternl plates. The median |)]ate is rhomlioidal. Tl:e 
lateral ones anj somewhat triangular, and unite with the 
anterolateral maigins of the median ])latc^ by one side, sending 
a process u])wa]’ti and backward from thedr out('r angles. 
The outer surfaces of all tliese ])lates exhibit a sculpture, which 
radiatexs from the C('ntre of the mediau ]>laic and from the 
outer angles of ihe lateral |>lal(‘s. These pIat(‘S are in close 
relation wdth the jieetoral arch, ami ])robablv represent the 
iiiter<*hiviele and elavieles. 

Minute bony phdes covm* tlu^ surfaeo of tlie throat in a 
small African Labyrinthodont, Mteropholh, I liave not met 
with dermal ossicles in this position in other Labyrinthodorits. 
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But in ArcliGgosaiirm^ Pholldotjastef\ ZTroGOrdylm^ JCerater- 
.petoyt,, OphlderpQton^ Ichthycrpetoyi^ the integiiinent betwocii 
the llioraoic [)L‘ite.s and the pelvis ])i*c.sejits rc‘g-iil;irly~disposed 
rows ot small clongateal ossicles, which, iA>i' the inos<> part, 
converge from witlionfc, forward and inward, toward tlie mid- 
dle Um?. No tnicjc of tlicse a|)pca,rs upon tlie tail, nor in 
any part of tlic^ dorsal region of the body, nor on the limbs. 

^'Iie <mdoskohdon of the AjnphJhla is least complete in 
Archego^^(iuru>i^ A\diei (i the (centra of the a ertebne aixi j-(^pre- 
sentod oidy by bony riJigs, the, ribs and the niMiral arches 
being w(?U ossilied. In other La])yriutlK)d<)nts of the same 
((Jarboniferons) e}>och, however, such as A)itJiraco(<<iurus^ the 
cemtra of tlie vcrb.'biae are completely ossifh'd l;>u*oncavt5 disks, 
very like the centra of tine vertebrje of Icfd/ii/rmttcrax. 

In the ex^isting Jdroteldea^ and in the (ryynnopluoria^ the 
vertebral centra arii amphic<elous. in tla^ t>AiUii<:in(lride(i 
they^ are oj)istliocmlons. In J^*p(( and liouihuuito)* tlicy an* 
als(*) oj)isthoeailons, but in other Balraehia flaw an?, for the 
most part, ])roca>!loiis, but vary in diircnnit regions, some 
being biconvex and some l)iconcavc. 

Tlio first vertcbi’a, or atlas, pnjseids two artienlai* cups to 
tlio condyles of the sbull, but there is no sj)ecial ly modified 
axis vertel)ra. 

Tli(? transverse procc'sses may be simjilo, ])nt in iJu? Iial>y- 
rinthodonts, anti in the existing Salamamlm’s, tli(?y are divided 
into I vvai) proeess(?s — an upper Z-'i/AJ/va/Ax/*, and a. Iovvct ctipitalar^ 
process. When the transverse process is thus divid<‘d, the 
proximal end of tlie rib is corn*spondingly split into a ca})itii- 
lar and a tubeixader ])i*v>eess. 

in the i^ymyiop7ilo)i((-^ tlie Satir()hatracJih!^ and the Lalyp 
rinthodonta^ tlie number of tin; vcrte])rm in tlie trunk is con- 
siderable, and the mcni])ers of the two latter groups have long 
tails. But in the Bati'acJua., the total number of vert<ibra? 
does not (uxceed eleven, of which eiglit belong If) the presacral 
region, one to tlie saerum, and two (modified vei‘t(?brje) to tlie 
oooeygeal region. Tlie transverse })r(>e(isses of some of tlie 
presacral vertobrje arc usually very long, but there are no 
separately ossified ribs. The transverse jirocesses (rf the sacra.] 
verte]>ra are very large and expamh^d, and its eemf rum lias 
usually a single concavity in front and a double (‘oinxexity 
belli nd. , 

Tlie co(*e 3 \x censists of a long, oylindroidal, bas;d bone 
proceeding from the ossification of the shoatli of tlie termina- 
tion of tlie notocliord, and corresponding with the urostyle of 
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tlje Teleostci y and of two neural arches, which lie over its 
anterior .end, and become anehylosed with it. The anterior 
face of tlie coccyx usually ])resents two concave facets for 
artimilation with the posterior convexities of the sacrum. 

'Jdie cavity of tlie craniuin is not narrowed anteriorly by 
th(; developnicnt of an interorbital s('pium in any Amphibian, 
All existing’ .Am])Jdhla luive (vx-occipitals developed in the 
walls of tile cartilaginous craninin ; but it is not certain that 
any such ossifications exist(‘d in Arrhc^josajiriis^ tliongh they 
aie ])rcvsent in other Labyrinthodonts. 

Ainphihian possi'sses a. complete l)asi-()C(*ipital, sn[>ra- 
occipltal, basisplienold, alisphenoid, or prcsi)hcnoid cartilage 
])one. In existing Arnphibia^ a jirordic ossilicatioii appears 
to 1)0 very constant, 'flic constant existence of distinct opis- 
thotic and c^piotic (dements is doubtful. 

The Frog’s skull is characteriztal by tln^ dcveloinncait of a 
very singular cartilage-bom^, called by Chivier tlie “ os en 
ccinture^^’^ or girdk'-l)one. This is an ossification whiidi irivadCvS 
the whole circumfmxmce of the cranium in the presplieiioidal 
and cllunoidal regions, and eventually assumes somewliat the 
form of a dice-box, with one-half of its cavity divided by a 
longitudinal ]')artilion, Tlie latter, correspouding \sith the 
fnnil part of tlm boii(‘, (‘xtends into tin.; jirelVontal irroccsses 
in sonuj fi’ogs, proteids tln^ hinder ends of the olfactory sacs, 
and is iKa foratml by the nasal division of the tiftii nerve. Tlie 
septum, tlun*eibre, answe^rs to the ethmoid, the anterior half 



Fio. — Tlio cM-aniiini of li'nui CHCxiltmta. A, from above; B, from below ; 

;v, Uie ‘'OS on eomtiusv’ or jj'h'dio-Ijone. 


of tlie girdle-boiie to the }m‘rron 1 nls, or ]>art of them, and the 
posterior half of the girdle-boue to the orbitospheiioids of 
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other Vertehraia, Turbina! ossifications are deveIopG<l in the 
cartibgo bounding the l)a^sal capsules iji sonic AmphihuK 



55.— Skull (i[ lunxr vsf'.u?, nfa. A, from TV from l»rIo\v ; (\ from tlio 1<*1\ .side; 

a*, i)iU’a.si>lu;noul ; jA ; 'A <•'<-' tviiiixno-oia.stoid.*’ 

T1j(> inenibraiui bones of tlie. Am])hi])jan skull arc : ,1. Front- 
als and parictals, 'which, in the JJatrachw^ inay be fused to- 
getlier into one bone. 2, Nasals are gcinnally pres<‘iit. 3. 
Tlie A"oniers, ahrays prosont, arc t\vo in number, one for each 
side, in all A/mphilia but Pip(f^ Difcti/kthra^ and Pdolniteii. 
4. A groat parasphciioid covers the bas(‘ of IIk? skull froin 'lht^ 
occipital to the ethmoidal region, as in 7deodci and Ganotdel, 
0 . A membrane bone (^)y called ‘■Heniporo-mastoid by Dn- 
ges, lies on tlie outer side of tlie suspensoriuin, extending from 
tlie side-walls of the skull to the articular head for the lower 
jaw. The relations of this bone in its upper part are similar 
to ihos<> of the squamosa] of tlio higluT Vurtdfvata^ in its lower 
pai't to those of the bone P iw lAphhmren^ in ilie preo|)nrcu- 
lum of fishes, and to the tympanic of the higlier Vtrlefyrata. 

Two premaxiihe are always developed. Tlie maxilhe are 
Usually present, and may be connected, as in most Jlotradda^ 
by (|uadrato-jLigul ossifications witli the outer side of the oihI 
of the suspensorium, in which an ossification representing the 
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r]u;iJmto bone is oflon developed. Bat tlic* qundnitO'jug-als 
(and even tlie inaxillie) may be rcpn^sented sii.n]>ly by more or 
Jess ligam(n)tous librous tissue, as is the (!ase in tbcj Vroilelu, 
Pterygoid bones are developed in all Aniphiola^ and distinct 
palatine bones in most, but not all, of tlie l^atriichla. The 
suspensorium, wliieli is iiK'lined downward anil forward in the 
lower Urodelii^ passes almost ilireetly dowinvard, or a little 
haekward, in the liiglun-, and in the liU.tradua slopes greatly 
backward ; and it undin-goirs the same modifications in diree- 
tion, during the progress of any of the Balnfrhia from the 
larval to the adult state. 

In the inandibh^, the proximal end of Mei'kel’s (Cartilage is 
rarely, if i‘Vi'r, compietidy convxirtiNl into a bony, articadar ele- 
ment, but the distal moiety is ossilu'd in somi? J^cdrachta^ 
Tlie lnem])rane“l)on(^s of tlie mandilile are a dentary and a 
splenial pietu*, with per]ia|)S an angular (dement. 

The hyoi(l(\in arcli is, in most Ahijdubla^ comiectod with 
the suspensorial c;irtilag(j — sometimes qniio close to its origan, 
sometimes near its disfal end, in the (.frodela. Its (‘onuia are 
stout and well ossIfI(al in tlie .ProtcldecL In the Jhitracliia 
thc^y arfi slender, a.n<t tlun'r j)]*oximal ends mtiy be free',. Dis- 
tally, they arc connccled with a broad la.mcllar body, from the 
posicu’ior margin of which two ])ro(M:‘Sses wluidi mn brace the 
larynx are usually giva^n olT. In the p(u’enuil>ran<*liia,le Pro- 
the liyoidean arch(is arc nnitiHi liy narrow median on- 
t(.)g‘lossal find nroliyfil pieces, as in Fishes. 

In the P'Uraphlif,, the branchial arches disappear in the 
adult; but in the Oi/mnopJui))iai\m\ii\ the more or 

fewer of the hirval branchial firehes ])crsist througluiut lite. 

In the Protcldea an*, dlirce or four branchial tivches, 

each usually consisting of two cartilaginous, or ossitied, [fieiMis 
on each side. In the >d>ahiuuni.d rldca^ there are, ])rimitively, 
four branchial an*hi.*s, but of tlicse, |)ortions of only t-lic two 
antenaor rtnnnin in the ailult. Four are developed in the 
Gtecllld^ and thre(^ of these fire p(nananent. 

Some peculiarities exliibited by the skulls of the Gyrano- 
phlona^ and ]>y tlie L’ djyrl nthodonta ^ arc worthy of especifil 
notii^e. 

In the former, e. g., in Idtthyf>jdn.s yluthfom,^ tla^ skull is 
coveived b}- a comjilele bon^^ roof, formial, mfiinly, liy the ex- 
Occi|)itfils, parietals, IVontals, prefrontals, nasals, and ascending 
processes of thi^ premaxillari(*s. IhdAvecu the ox-occi])itals, 
the parietal, and the frontal, above, tlio maxilla, in front, and 
the quadrate, behind and below, lies a bone which appears to 
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answer to the bone (,'?) of the Fro^, and to its qnadrato-ju^al. 
Between the nostril and the maxilla, the nasal bone and tlie 
preinaxi'la, tliero is a bone which seems to be an ossirication 
of tlie. CMrtilag’iuous (tia nasL Another bone m^arly encindes 
the orbit, and, as a su[)ra-* and postorbital bojn^, has no ajia- 
log’ue among* existing Amphibia. Tlie |»alatiiie bones sur- 
round the posterior and ont(‘r margins of the })ostei'ior nai’es, 
and then exiend back on the inner side of the maxilla, in a 
manner unlike any thing observed among otlier exist iiig Aai- 
2>hlbla, But in the .Labi/ruithodoatff^ both this dis}>osition 
of the palatim; and tlie complete roofing ova_*r of the skull by 
bone are repeated, and there is a postorbital bone. 



Fi«. 5G. — Side, rmd nppor viows of tho skull of Tremnfomurii/t. aiio sculpture uf the (tu- 
nlal bones is not represented in the lower half of iho ujuior vkrw of the sk all, in order tfi 
show iUc sutuj-js more distinctly. 

The Ltibyrintliodont skull is further chai'atdtvriztdl by the 
development of disiinct pointed opioties, like those of ii sites, 
and of paired ossifications, which take', tlie ydace of the snpra- 
occipital, as in many GanoldeL In many Labyrinfhodonts 
tlie articular element of the lower jaw is completely ossified. 
Archegosaurus possessed branchial arches when young, 
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find there can be little doubt that the other T.abyrinthodonts 
resetnbled it in this respect. 

The liiribs mid their arclios are completely absent in the 
and, apparentlj', iri the extinct Ophiderpeton 
of llie Carbon iha’ons furniatiou. In all other Amphibia the 
pectoral arch and limbs are present, and, in all but Slren^ the 
pelvic arch and liin])s. The anterior and posterior liinb-arclics 
consist of a continuous cart ilag-e on ea<‘h side, divided by an 
articular surface into a smaller dorsal moiety, and a more ex- 
[iiunleil vcmtral portion. The dorsal moieties are, respectively, 
tlie sca,j)ula and thc^ ilium. The ventral moieties are dividoid 
by not(^hes, or fontanelles, into two portions — an anterior, pre- 
coracizidal, or ])uhic part, and a. posterior, coracoidal, or ischial 
part. 

In tlie XTrodela tluj .scapula ossilies, and its ossification may 
be proloui^f.^d into llic coracoid and pr(‘coracoid, but tliere is 
never inon^ than oii(.‘ osseous mass. The cla vicle is not devel- 
oped. In jSlredo/f, tlie Jderotremijta. and ISidamandHdQa^ the 
coracoids an^ received into grooves of tlu'. anterolateral edges 
of a (*artifag-inous st(‘rnnin. 

Tlie ])ecto)'ai arch of tlu^ Labyrinthodonts seems to have 
j)ossess(*d representatives of clavich‘s in the lateral tlciracic 
shields. The sti’ucture of ilio. j*(^st of the arch is not clear, but 
ossified coraco-s(;a])iilar pic'ces seem to have existed. 

In th<3 dicftrachla^ tlio coraco-scapular cartilag’os are soino- 
times, as in the common Frog'^ hrmly unite^d in the middle 
line, and send foiwaird a iiKMliaii ]uocess, wliich Ijecomes ossi- 
fied, and is the oraosterninn (h'iir. o7, o..s7.). Behind, the cora* 
coids articulate with a well-devadoped sternum Distinct 

ossifications arising’ on eitlier side of the glenoidal cavity rep- 
resent the vscapula (sc.) ainl tlie iHmxcoid (c/\), and the upper 
moiety of tlui sca])uhi may lie ilistiuctly ossiticMl as a su[)ra- 
scupula {s,sc.)., d"lio coracoid is divided liy a large mennbra- 
nous spat’c or fonf a Nelle into a pro[H‘r cfu’acoid (cr,), whicli lj(^s 
behind ilu* fontamUh* ; a. ]K*rsisteutly cartilaginous (plcoracoul 
(c.c/*.), wliii'h ])oinids it iutenially; and a imicaracoid^ which 
limits it in front. Closely applied to the prei'cracoid is an 
osshication in naanbrano, which represents tlie clavicle. 

dlie }Hdvi(^ arih is attached (i^xcopt in ProUim) to tlie ex- 
tremity of the sacral ril). An ili.'ic. ossillc^atiou is always devel- 
oped ; an ischial, in all but Proteus. Tlie pubis does not ap- 
pear to bo regularly represented by a distinct ossification. In 
the Patraehla the applied flat faces of the expanded ventral 
divisions of the pelvic arcli coalesce into a disk. 
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In tho genus A)n-ph.iuma^ ilio limbs have cncli either tvv.o 
or three digits. In /SVmg the antcMior limbs, which alone 
exist, arc three- or four-toed. In Proteus^ tho anterior limbs 



Fu*. 5T.— Tiio. uiul i>ortor:\l arehes of a Fro", soon from ;»l»ov'o. Tlio supra- 

h\ n‘mov<'(l : .v.., soaimla; .s’..vo,, siqn-a-soapiila ; yj..s‘ 0 ., |jri.'sc*a[)ul;n' [>n»coMs ; o/*., 
coraooid ; cjiifmracoid ; or./., ooracoid lont;in.*llo. 'I'ljt! boond.^j this in 

front, is tbo pn-('A)i'ac()ld, and bears thcolavklc: o.-sV., omosteniiim ; -v/f., sternum ; 
Kipliisb-.ruum. 

an) Iridactyle, tin? posterior didiicivlc^. has 

tetradM.ct>de fc^ot, while in the oth(n* l/rodehh th(‘, anterior litnbs 
arc tetradactylc, the posterior ])ciitada(dyle. Tho .J^atrac/da 
have four digits, witli or without a rudiineut of another, in tlie 
fore-limb, and five in the hind-rmib. in the pc'rennibrancblate 
fTrodek^ tlui cartilages of the (carpus aaid tarsus, wliich, except 
in Proteus^ pj'esent little deviation from the typical number 
and araaiiigemcnt (Fig. 11, y>. 32), remain nnossitred , in the 
other ITrodela^ and in the Patrachfa^ they are for the most 
part os.sifi(?d. 

In the PatracJila^ the p;:)steri^)r limbs art; muo1i longer than 
the anterior. The radius and the ulna in the fore-limb, and 
the tibia and fil)ula in tlie liiiid-limh, ani fused togelhe-r into 
one bone. Tlie carpal bones no longin' pr<is<mt the typical 
arrangoiin 3 nt ; and, in the tarsus, there arrj two proximal, 
greatly elongated, cylindrical bones, whi(;h lake t he place of a 
calcaneum and an astragalus, while the distal series is reduced. 
The limbs of the Labyriuthodorits were feeble in compari- 
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SOI) witli ilie vsi/e of tlic bodj. In tlio goiu^rii Archer/ os a ur its ^ 
ICeraf erpt ton, irroror(h/lus^ J^eptcrpeton, each foot possessed 
liv^e di.u'its, and the carpus and tarsus were uiiossiOed, 

Tin? Aynplublii nsoally possess teeth on the vomers, pro- 
rnaxilhe, maxilhe, and deiitary pieces of llie inandilde, but 
i-arely on the palatine and plery,u*oid bones. Tlie prcinaxiliary 
and vom(*rine tcetli are dispos(‘d in concern trie soinicireles, an 
arrangenieni; wiiicb is very characterislic of the group. In 
the larvie of the Ihiimchla, and in Hnrcn, the premax il lie and 
iniindibles are enslusathed in horny bejdis, as in the (Jhelonia 
Jiiid .lye-s*. In jiddition, Sere/t lias teeth iiv lln^ vomers, and 
on the splenial pic'cc of Ihe mandibhi ; Jh //obranchns and 
^Slredon. liave ])leryg'oiil teeth. Many of tlio Labyrintliodonts 
possess paliitine teeth. In some (JymnerpJdona the inandilde 
has ji doiilile row of t(‘eth, ;ind there is an ii])pro\iniatioji to 
tills siriictiirc! in tlie Laliyrintiiodonts. 

The ifrctli usiadly become anchylosed witJi th(^ adjiicent 
bones, in existing . I their strncturo is simple, but 

in tlie Labyrinthodonts, tlio pariet('S of the teeth, at it ctatain 
distance l)<:‘lovv tin; summit, Ixa'ome longitudinally folded, and 
Oils'll fold may be again long'itudimdly plaited, so that tlie 
transv<;rse section of the tooth acquires a v(;ry comjilicated 
structure, tin; pulp'Cavily being subdixdded into a great many 
radiating and branching s(\gini;nts. The structure is similar 
in principle to that exliibitcd by the teeth of many of tlie 
Ganoidei. in many of tlie IjaViyrinthodonts, again, two of 
tlie anterior mandibuhir teeth take on the form of long* tusks, 
which are z’<;ceivcd into fossa*, or foramina, of Ihe ii[>])er jaw, 
as in most < existing (h'OCodiiUf , The tongue is llx(;d to the 
floor of the mouih in Urodda and G ]imnephlrya{(^ and remains 
undevelu]ied in tin; gmn;ra i^fpo and iJac.tyletJira, whi{;li liave 
thence been termed Afflosseu In otlier l^atrcichia, the tongue, 
which is usually hmg, and tix<*d by its anterior end to the sym- 
physis of tlie mandible, can lie rapidly protruded »and used as 
an organ of jneliension. No distinct salivary glands liave 
been obsci in the Amphibia. Many male liatreiehia have 
the mucous membrane of the floor of tin; month produced into 
pou(*hcs which can lx; distended Avith air. 

The simple alimentary canal is usually short, tind much 
longv;r in the larva:; (which are vegetable-feeders) than in the 
adults. A gall-bladder is always present. 


The lieart presents two auricles, a single ventricle and a 
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hidlms arteriosus, A venous sinus, the avails of wIjIcIi are 
rliytliinically contractile, receive»s tJie venons blood iroiii tlic 
body, and opens iido tlio riglii auricle. In .Proteus^ Menobran- 
ehus^ and Slren^ tlie septum of the ain‘ie](*s is less coniplrde 
than iti the other Ainjddbuf, Tlic ]<d‘t auricle is mucli smaller 
than the ri^ht, and a sino‘]e puliiionary vein opens into it. 
Th(^ interior of tlie AaMitriele is more like a. spono*e than a cham- 
ber with v'cll-dctined parietes. ''.riie walls of the lon^ bnlbiis 
arteriosus contain striab'd muscular fibres, an<l are rhylhmi- 
oally contractile. Valves are sound imes placid at eacJi end 
of it, and it may bij imperfectly divided into two l avitics by 
aji incomplete lon^'itndiiial ])artition. It terminates, upon 
eai li side, in (dthcr thre<‘, or four, trunks, wliieli asci nd u])oii 
tlic branchial arclies. Tlie most anterior of tli<‘sc trunks give 
off tlie carotid artiu'ies, tlie most posterior iho pulmonary ar- 
tiTies, and a.rleries to tlie integument; thi' middle trunks form 
the priiK’ipal roots of tlic dorsal aorta. 

In Protcu^s^ when) there are three brandiial arehi’S, tlie 
})ulb of the aorta splits into Iavo. trunks ; each of tliese divides, 
at first, Into two branihi'S, and then the jiosterior branch, on 
each sid<>, again subdivid<‘S into two otliers. d'hns, Ihri jiairs 
of aortic trunks arc formed, wliiidi ascend upem the Iiranchial 
a relies. The two anterior jvaiivs of aorlie. t runks pass dirvctly 
into the roots of the dorsal aorta, lait eacli gives oil a vesstd 
which enters one of the external gills, the lilood from which is 
brought by au edferent canal into a higlicr part of tlie same 
aortii; arcli. d'hc third aortic trunk, on each side, is inter- 
ru|)tcd, its lower part becoming the branchial artery of a gilh 
tuft. 'Jdie blood is carried out of this branch ia by a vemous 
trunk, which opens into the root of thi' dorsal aorta, and is, in 
reality, inmxdy tlic iqiper jiart of the third aortic trunk. Tlie 
facts may bci (wpri'SsiMl in another way, by saying that tlie 
bases of the branchial artery and v(‘in anastomose in the first 
two gills, but not in the thij*d. 

Tlie adult Axolotl {^Slredon) has four pairs of aortic ti^unks 
(Fig. 25, E,p. 83); the hiriderrnost pair (\i.) gives off the 
pulmonary arteries, the three next (v., iv., lu.) sup|)ly the ex- 
ternal braiichia'. ; and the anterior trunk pass<\s, above, int<7 au 
artery whieii divid^'S into liyoihlean and carotid branches. 

In A^at((ma?utra there are four pairs of aortic trunks in the 
adult, but the ujrper inoiety of the first, on I'ach sid<‘, is oblit- 
erated, and remains as a mere duHus Potalii, "i’he fourth 
trunk gives oil’ the pulmonary artery ; some twigs for the 
oesophagus, and a few cardiac branches, next arise from it; 
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and it t-h(?u unites witli the second and third to form the root 
of tlic dorsal aorta. The basal moiety of the first trunk en- 
larges at its extremity, close to the angle of the mandible, into 
£L spongy- organ, the carotid r/lcmd, from which the carotid ar- 
tery, aiiil that for the supply of tlic hyoidean and <H’al regions, 
are g;ivon oth 

in I ho adult Frog, the aortic bulb is separated by an in- 
coinplete longitudinal soptimi into two passages; and, at its 
e.vtieinify, divides into two trunks, each ol which is parti- 
tioned in tcrnally into three passages. The middle, or systciaic^ 
passagv? ])asses directly into a trunk, which unites with its lel- 
luw beneat.li the spinid cobnnn into tliC dorsal aorta. The an- 
terior, or enrntid^ passage (mds, as in jSfdamandrcf^ in a ca- 
rotid gland aiivl dtfctus DoUdti ^ carotid, hyoidean, and oral 
branch<>s being given olT iVoni the former. The hindermost, 
ov pulnio-c.(d!(jif passag(? ends in tiic pulmonary and the 
(iutaueous artv’i ies, the anastomoses of tliose with the roots of 
the dorsal a(»rt i l)eing olxliteratcd. ddio middle pair of aortic 
trunks thus (vodusively constitute tlie origins of the dorsal 
aorta, and arc; \ \v^ j}enna)icnt aortic arc/ie>^, Tlui right aortic 
arcli is wide?’ Hum the left, especially toward their jun(d.ion ; 
as tiic left gives olf, just before this point, a largi? cfcliaco- 
mosimteric .‘udery to t hci alxlominal viscera. ld;ioh aoidie arch 
givnjs oil' t]i(i suludavijin and vertebral arl/cries of its side. 
Oidy venous bl(.>()d ]>assics into the pulmonary arteiies of a 
Frog; while mixe?l blood (Miters the aortic arches, and is of a 
brigliter arterial Imo .at the end, than at the iKyginning, of the 
systole. The blood in the carotid passjiges is always bright, 
The mechaulcal arraTig<_MiKMits bv which Ifiis is brought about 
have been beautifully analyzed by Bri\(‘ke, wlio sliows — first, 
that the spongy interior of tlie ventricle contains, in its base, 
a traiisvorsely-elong'att^d cavil v, into which the auricles ojaen, 
£iud Avhich, by its riglit extremity, comniimicates udtli the ven- 
tri('ultir opening of the aortic bulb ; secoTidly, tliat the 4‘iortic 
bull.) is imperlVaddy divided by a longitudinal septum, the 
upper left edg’O of which is attached, while its lower riglit 
edge is free; thirdly, that, of the two passages into which the 
aortic bulb Is tJms divided, the cue on the right side of the 
septum cuds in a chamber, in Avhich Hie carotid and systemic 
passjiges ct-uninence, while tlnit on the left side similarly leads 
to the (mtrance to the puhno-cutaneous passages; fourthly, 
that the carotid gland, in wdiicli the c^-irotid passage ends, pre- 
sents ii mechanical obstacle to the ilow of the blood through 
it ; lifthly, that there is a valvular fold open toward the heart, 
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in each systemic passage, which also olTers a certain amount 
of meohanical resistance to the blood; and, sixthly, that after 
the blood has begun to How through the bulb, it will gradually 
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force the sopiAun over to the left. sid(% aTid so nupodo the flow 
into the pulnio-cut aneous pMSsage. 

'^Phus, A\'}K*n the auricular systole talvcs place, the riglit 
auricle sends its vi'nous blood into t hat divivsiou of the ventric- 
ular ca-vity wliich li(\s nearest tlio opening of tiiebulb; and, 
\vh<>n tlic Tcntriclc contracts, tlie blood first driven into the 
bulb is wholly venous. This blood lills the passages on both 
sides of the so])tum, but linds a very much gnnitcr resistance 
to its exit on the right tliau on the left side. It therefore 
ilows, at first, exclusively into tlie left division, and makes its 
way through tlie short pulmonary artia'ies into the lungs, 
15ut, as the j)ulnionary vessels fill, the prossurci on tlie two 
sides of the septum beconu'S (apializcd, and the systernio j)as- 
sages, wliicli ollV^r Ihe next least resisliince, fill with blood, 
which is now mixed, as it comes from tliC middle of tlui vtm- 
trieJe. Next, the septum, being driven over to tlic left side, 
prevenf s any more blood from going into tlie pulTno-cutanti- 
ous passage. At the end of the systole, tlie blood driven out 
by tlic v(MitricIc is almost wlioHy tliat of the hd’t auricle ; an<l, 
by this time, the resistance in tlie systemic is as great as tliat 
in the can^t id passages, ITcncc the latter fill, and send arteri- 
alized blood to the head. 

The organs of rcspiriitioii of the Arnphlhla^ in the adult 
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state, arc eitlicr ext(irnal branchiae combhied with lungs, as 
in the ])creiinil)ranehiate Urodela j or lungs only, as in the 
other Urodda^ the J^atrachia^ the Gyrnnopldona^ and, prob- 
ably, the majority of the LahyrlnfJiodontcu 

In the percniiibranehiatc Urodda^ the branchial arches (or 
some of them) are se])arated by open clefts (the number of 
wliieh varios from four to two), throughout lile, and tliree, 
braiKhed, gills are continued by single stems into tlie integu- 
ment, at tlie dorsal ends of tlie branchial arches. An oj)ercular 
fold (:>f the integument, in front of the gill-clefts, attains a 
considerable size in Slredon (Fig. 58), but does not cover the 
gills, ^riic bramdiial arches themsf^lves l:)ear no branchial tila- 
mouts. Other XTrodda ar(Ml(‘void of (external gills, but (as is 
the case in Niinopoiua and AmphliihKA^ present one oj- two 
small gill-clefis on each side of the neck, and ai e thence called 
JJerotreynata. Tlie l est of the Urodda,, and all the Ihiirwdda 
and ihjrmiopldoha ^ art) dovtjid of both external gills and g*ill- 


clefLs, in tlie adult state. 

>^ji 111 all the ylmp/idnaf a glottis, placed on 

tlie l eutral wall of the oesophagus, opt'us into a 
short laryngo-tracheal chamber witli wliicli two 
/ pulmonary sacs are connected, cither directly, 

or l)y the intennediation of bronchi (as in the 
^ly/ossa)^ or by a tracliea (as in tlie (Jy)n)to~ 
B T phwna), Tlie walls of the pulmonary sacs 

lyiafey ^are more or less sacculated. In most Am- 
phihia the lungs are cc|ual in size ; but in the 
w- W snaktviikc (J ymnop/iiomi^ tlie right is much 

1 smaller than tht^ left. In the pul- 

moiKiry blootl is not all returned to the heart, 
some of it entering the veins of the inmk. 
|J;|f Aiirial respirat ion is effected, in the Awiddhia, 

f by pumping tluj air from tlie oral eailty into 

Fio. 59.— Tho br.iiri of tlie lungs. To this end tlio mouth is kept 
from, above, ]na<rni- sliul, and iiigrcss aiKl egress lo tlie air is given 

passj.o-cs, whicli always' open 
or oifaeuny lobrs, iiiiniediatcly behind 1 he vomers, at the anterior 
airy’ TK'ive.s of the rouf of the nandh. These passages 

u})en, and the Iiyoidoaii apparatus do- 
th a lame ncephaion pressed, the air tills the cavity of the mouth. 
Sami iT/f external nostrils are them shut, and, the 


opMe jippamtus being raised, the air is 

fourth 'ventiVite forocd, through ilic opien glottis, into the lungs, 
gata Obion- j^\\ Amphibia possess a urinary bladder, 
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which opens into the cloaca, arid docs not receive tlie ureters. 
The kidneys of the Amphibia appear, like those of fishes, to 
be persistent Wol (hall bodies. 

In the brain of the Amphibia the cerobelluni is always 
very small, and retnesen ted by a mere band ; tlie coreliral 
hemispheres ai e elong'ated, and contain ventricles. In Proteus 
the mesencephalon is A^ery indistinctly marked. The O[)tio 
nerves form a chiasina. 

As in fishes, the pneuinog'astrie gives off a lateral nerve, 
which runs along the sides of the body. 

The eyes are xe^vy small, and coAnned by the integument, 
in Proteus^ the Gifrnnophiona^ and the genus Pipa. Tlie 
[lerennibranehiate and clerotreme Urodela liavo no eycdlds ; 
but most Patrachia luive not only a AAadl-developcd upper 
eyelid, but a nicl itating membrane, moved by special muscles. 

All Ampliibia poss(*ss a fc'nestra ovalis with a c?artilagi- 
nous, or osseous, columelliform stapes, the expamled jiroximal 
end of wliidi is fixed to ilio membrane of tli<j fenestra. In 
many Patrachkiy if not in all, there is a fenestra rotiuida, 
though the prosenca of a distinct (‘ochhai has not beem iis(*er- 
tained. Tlie Urodela^ tlie (hpntarphlona and < he Pilobatldeit^ 
among the Patraefua^ lias'e no tympanic ca\ ity, nor mem- 
bram\ In the otlicr Patraehia there are tympanic cavities 
corn vnunicating freely Aviih ilic throat. lOadi is (los(‘d' (jxter" 
ually by a tympanic membrane, Avith which tlie outin' extrimiity 
of the stem of the stapes is connected. In tlic ulcjlossa^ the 
two tympanic cavities communicate with the mouth by a single 
Eustachian api^rturo ; and the outer end of the stapexs expands 
into a great cartilaginous plate coextensive Avilh IIk^ tympanic 
membrane. 

The ducts of the reproductivi^ oigaiis of llu' Ainpluhla^ 
like those of the (xanoldeA^ always commuiiicati? di reed ly witfi 
tlie urinary ducts: and, as in most Ganoidei and all Plasmo- 
branchli^ the proximal end of the oviduct is open, ana com- 
municates Avith the; peritoneal cavity. Thc^ male has no penis, 
unless a papillary elevation cjf the Avail of tlie cloaca may rep- 
revsent such an organ. The testes of the male AvapfiVAui are 
composed of tubules, and vasa- efferentla convivy tlie contents 
of these away. In the Urodda^ the vasa eff*>rentia of (jacli 
testis enter ilic inner side of the cori’i^sponding kidmw, and 
traverse it, leaving its outer side to euti'r a (/e)uto-ur//iary 
duct^ which lies on the outer side of the kidney, emls lilindly 
in front, and opens behind into the cloaca. Th(3 uriniferous 
tubuli also pass directly from the outer margin of the kidneys 
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into tlic gcnUo-uriiiary duct. In tlie J^atrachut there is like- 
wise a ^enito-iirinary duct, and tlic Dasa cfferCntla run to the 
inner ortho kidne}" and enter it. In l^onihinator Igjiem 
and Dlscoglossas the oouito-urinajy duct receives the 

urinarv products and the s|)eruiatozoa, in the same \Yiiy as in 
Ihci Vrodchf. Hut, in the Frog\s and 'J'oads, the urinary tulnili 
ar(^ gatiu'red together into a special small canal which opens 
into the genito-urinary duct near its tennination in the cloaca, 
and the vam ejlcrcntia pour their contents into this canal, 
ITnder th(_\se circuinstanccs, the part of the genito-urinary duet 
which lies beyond the r(vn,al canal may l>ecomG obliterated, as 
in the Frogs; or may persist, and play tin' })art of a vcsicida 
seminalis^ as in tin; Toads. 

In the fc'malc ^Inrp/iibfa^ tln^ khlrn'ys liavc, as in the male 
Frogs and Toads, a renal canal whicli opens into tlie lower 
part of tln^ ova duct. 

It would apj)e<ar from these finds that the ovidiad in tlie 
fcnuile, and the gemito-urinary ducts in tlie male, Amphibia 
represent both tlu^ Wohlian and the Muilerian ducts of the 
hig;h('r Vi^rtdmab f. 

In most AmphJhid the ova are im])rcgnated and halclied 
oufsid(i the fiotly, but internal impregnation and iin’ubation 
occur in some of tiie Xj rodeUn In lipa the eg'gs are hatched 
in ponelies of tlie dorsal intr'gnment, wdiilc the male Alytt& 
carries tlieni twisted in strings round Ids legs. 

When hatched, the young ared(.'voicl of respiratory organs 
and of limbs, and arc provided with a long tail, by moans 
of which they swim al)Out. J Vrancitial clefts soon make their 
a|)pearance; Jind cilial^nl extc'rnal branehial plumes, like those 
of the peremdbramddalo TJrodela^ are dovelojicd, A pair of 
suctau’s are sometimes formed upon tlie imder-sirrraee of the 
mandibular region, a,nd the jaws acqnio' liorny slieaths. 

A liroad operc ular memhianc' is devc'loped in front of the 
branchiiil aperture*, :inrl, in thc^ '.Batrarhla^ c'xP'nds over and 
eventually covers tlui gills, a rounded apertuic^ persisting for 
a certain tinu^ only on the left side. The anterior pair of jjinbs 
is developed liofoie the posterior, but in the Frog* they are not 
so soon visible, lieing hidclen by the opcn-ctnlar inembrane. 

TJie lungs make tlieir appoMrance as diverticula of the 
ventral wall of the cx'sopiingus. The nasal sacs arc at first 
mere cmcal involutions of tlie integument, but naKsal passages 
coinimiiiicating with, the mouth are soon formed, and botli 
aerial and aquatic respiration are completely established. 
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In the JSatrachia^ as developinent proceeds, tlio external 
brancliia) disa])pcar, and are succeeded, iurictioi:all>", hy short 
branchial lihirnents developed upon the Avliolc lengtli ol' each 
of tlie branchial arches, of wliich there are four. 



FiC. fiO. — A. n„ Tadpoles \vi(Ii oxtenial hraTudua-: iKisal sacs; oyo; o, oar; A; tufin- 

(.‘hifo; '///, mouth; Ijoruy jaws; s, sufkor.s; otu-irular lold. 

0,, a more aclvtuiced Fr(»<^’s larva: //, the rudlrnoutof tlic liiiul lliiih; /rst, the .slug^lo Lranehlnl 
aperture, 'riie lias not be»-M reversed, so that this aperture appcai-s to lie oi» tho 

right side instead of tlio lelt. 


Before the development of the hmi^^s the, heart- litis only 
a single auricle; afterward, the auricle l)e(!OiMes divided into 
two. Tlio aortic^ arctlies, at lirst, pass along the visceral and 
branchial arelies to tlu3 dorsal aorta, as in otht'r V(3rlol)rat(} 
embryos. Wlicn (3xternal gills are d<‘V(‘loped, each receivc‘S a 
loop from the corresponding* arcli, much as in J*roiens, 

AVheii the internal gills of the lUUrarhla a|>pear, each 
aortic arch wlritth belongs to a branchial areh .s])Iils into two 
trunks, — one wliicli remains directly connected wit li the cardiac 
aorta, and another wliich opens into the dorsal aorta. The 
vessels of the branchial lilaments constitute loops bet-wcon 
these afferent and eiferent trunks, whi cl i always remain uriited 
by anastomoses. Wlieii branchial respiration ceases, and the 
branchial processes and their vessels disappear, the anasto- 
moses dilate ; the direct communication between the alferont 
and efferent trunks of the second pair of interrml branch iai is 
reestablished; and they become the permanent arches of the 



106 the AXATOlilY OF VERTBBKATED ANIMALS. 

aorta. The anterior branchiae are rc})ljiced b}^ the carotid 
glands, and their alTerent vessel is the c?arotid passage of the 
adult. Tlio alFcrent and etferent trunlvs of tlie third pair of 
branchiae aic converted into the stern of tire cutaneous artery, 
and tile aileron t trunk of the fourtJi pair of branch ue into that 
of tlie pulinonaiy artery. The diagram (Fig, 25, p. 83) is 
iiiteiuhni to make these changes, and the relations of the 
various trunks io the (jinbryouio aortic arches, intelligible. 

Tile alimentary canal of tlie 'Tadpole is, at Hrst^ ‘*^*'*^1 

coiled up into a olosf? spire, lil:;o a watch-spring, in the ab- 
domen, but its lengtli becomes relatively less as age advances. 
At the same timci, tlie diet changes from v^egctable to animal 
— the young tadpole being (‘hicll^' lierbivorous, the adult, 
insectivorous. 

In the Urodda tlic tail persists, and develops complete 
vertebrm; but, in tlie liatrachia^ the caudal fiart of tlie spinal 
column disappears, lor the most part, togetlier with the r('st 
of the tail, and only ilui basal portion of the notocliord be- 
comes converted into the urostyh?, which eventually anchyloses 
with the two liindcrmost ncmral arches. 



CHAPTER Y. 

THE CI.ASSTFICATIOK AKI) THE OSTEOLOGY OF THE KEPTILTA* 

The proviiuic Sauropsida is divisible into tljc t wo classes, 
lleptUia and 

All Reptilia, so far as tlieir organization is kno^Fu to us, 
are disthiiruished from yive$ by the follow in cliaracters : 

1. The exoskcletoii is composed of horny plates (s(icales), 
or bony plates (scutes), ncyer orieatlicis. 

2. i'he centra of the verte[)ra3 may be ainphitMelous, pro- 
ccelovis, opisthocailoiis, or may liave neaily Hat articailar faces ; 
but these faces .are s])beroidal or oyal, and aic never cy Jin 
droidal, oven in the cervical region.*^' 

3. Wlicii roptiJes possess a sacrum, lln> sacrid vu'rtf'bra^ 
have large expanded ril)S, witli the encis of whicli the ilia 
articxilate. 

4. The sterninn is rliomboidal ; and, whem nian}’^ ribs are 
connected with it, tlie hindermost of these are attaclicd to a 
singles, or double, median Ijackward prolongation (except, per- 
haps, in the I^erosaurla), Tlie sttTinnn may be converted 
into cartilage-bone, but (witli tlie possil>le exception of the 
l^erosmtrui) is never rejdaced by ineinbrane-bonc, and does 
not ossify from two, or raoi*e, definite centres. 

5. AYhcn an interclavicle exists, it remains distinct from 
the clavicles. 

6. The mamis contains more than throe digits (? 
sanria)^ and the three radial digits, at fewest, luive claws. 

7. In all existing reptiles, the ilia are prolonged fartlier 
behind the acetabulum, than in front of it; and the inner wall 
of the acetabulum is wholly, or almost completely, ossified. 
The pubes are directed downward and forward, ami, like the 

* Tlie articular faces of tbc vertebree of some lYerosavria are very much 
clou "atod tr.ans verscly , 
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iscliia, riicet in a ventral .sjnipliysLs. In tlio extinct Dino 
murta^ the pelvis (^xliiblts forms transilional Ix^tweeu tlic rep- 
tilian and Ujc ornilhie arrangeiiKMjt. 

8. Tlio dibits of tlic pcs are not fewer than three ; and the 
m(‘talarsal bones arc not luicliylosed together, or with (Ik^ distal 
tarsal l)ones. 

9. In existing- reptiles no( fewer than two aorO'c areljcs (a 
right and a left) p<a‘sist. Two ailerial trunks are given oil 
from tljc right vcaitriele, or the i>nvt of tljo single ventricle 
which answers to it. The venous and ai terial currents of tlie 
blood are connected, either in th(> licart its(ilf, or at the origins 
of the aorti(3 arches, 

10. The l)lood is cold. There arc usually tv»'o semilunar 
valves at the origins of the aortic aiul pulmonary trunks. 

11. Tlie corpora h^gernina lie upon the np])cr surface of 
the brain. 

In Aves, on the contrary : 

1. Tlie exoskeh’ton consists of feathers, Ossilications of 
the dermis are rare, and never take tlie form (T scutes. 

2. In all I’ccent biials, the centra of the cervical veriel>rte, 
at least, have subeylindrical articular faces. If, as in some 
birds, the faces of the (xmtra of the other vortcdira' ai'o sjdie- 
roidal, they arc o})isthoccx*lous, whicli is tlie rarest arrange- 
ment among rctitiles. 

3. The pro|ier sacral vertobne of birds — that is to say, 
those between, or throngh, the arches of which the roots of the 
sacral plexus pass — liave no expanded ribs abutting on the 
ilia. 

4. The sternum has no costiferous nunlian backward pro- 
longation, all the rilis being attached to its sides. The carti- 
laginous sternum is replaced, in the adult, by memluxuie-bone, 
and ossifies from Iayo, to five or more, centres. 

5. When an interclavicle exists it is coniiiu-ut vvitli the 
clavieles. 

6. The manus does not contain more than llirco digits, and 
not more than tlio two radial digits liave claws. 

7. The ilia are greatly prolongcfl in front of the acetab- 
ulum, the inner ’wall of whi(*h is mombraiious. The pubes 
and ischia are directed backward, more or less parallel with 
one another, and the ischia never meet in a ventral symphysis. 

8. The astragalus sends up a process on to the* front face of 
the tibia, and early aiicliyloses w'ith the latter bone. In this 
character, Birds differ from all existing Reptiles. The foot 
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contains not more than foiir digais. The first metalarsal is, 
almost always, frtje, sliorter than llit^ rest, [ind incomplete 
above. The other tlirec arc anchylosed togeilier, and with the 
distal tarsal bone, to forni a tarso-niclatarsns. 

Some of the extinc't JJhiosimria closcily resembled birds 
in tlie form of the tibia and astragalus, the immovable union 
of the two bones, and the reduetion of the number of the- 
digits. 

9. Only one aortic arch, the right, is ])resent. Only one 
arterial trunk, the pulmonic, is given olf from the rigljt ven- 
tricle. The artt^riai and I'enous currents eoirinmiiicato only by 
the capillaries. 

10. The blood is hot. Theo-e arc three serniltinnr valves at 
the origins of the aortic and piihnonary trunks. In all exist- 
ing birds the extremities of the chief pnlmcmaiy passages 
terminate iti air-sacs. There is a rudiment of this structure 
in the Ohamadeons, and the extirnd. Pterodacd.yles very prol)- 
ably possessed such s ics. 

11. The co7'2>or(i hhjontJia are thrown down to the sitles 
and base of the brain. 


The Reptilia. — Tins class is <livisil)l{.‘, by vvell-deliiied char- 
acters, into tiic foHoxs’ing gTon])s : 

A, The doival vortelii jr (which, hkeul] the other vortebne, are devoid of 
tniiLs verso pro(^essos) nrc not inovaMc upon one aiioDier, nor }ir<,‘ the riba 
movable upon the verfcel>i\^e ( Most ot tlie dorsal voi‘te)>r;o 
aTi<i ribs are rostraintHl fV(»m motion by the union of superficial bony plates, 
into wl'.ieh they pass, to fi)nn a carupnce. 

Dermal ])oaes, usually nine in number, one of wbicli is me?lian and syin- 
'metrical, and the others lateral ami painnl, are developed in the ventral walla 
of til e thorax and abdornen, forming n pba^tron. 

I. — QhAotua. 

B. Tlie dorsal vertebra; (which have eitlier complete, or rudimenlarv, 
traiisvcr.-c processes) are muvahlc ujioii one anotlict*, and the ribs upon 
them. There is no plastron. 

a. The dorsal vertebra) liavo transverse processes, vvldob are either 
entire, or only very iinjierfectly divided into terminal facets (7iVy>/> 

a. The transverse processes are long ; the limbs well developed, with 
the digits uni1;(;d by the ijitcgument into a paddle; the sternum and 
sternal ribs are absent or ru<limeutary. 

IT. — Plcslosauna. 

i. The transv'erse processes are sliort, and sonudimes riidimentarv ; 
the limbs present or alisent; when tinware fully developed, the 
digits arc free, and there is a woll-dovi.doped sternum with sternal 
ribs. 



170 


THE ANATOMY OF VERTEBRATED ANIMAl^. 

a. A pectoral areli and urinary bladder. 

HI.— ilceritUa, 

h. No pectoral arch, aiifl no urinary Iilaihler. 

I V . — Ophi dla. 

h. The dorsal vertebrrc liavc double tubercles in the place of trancVOi-ge 
processes {l^'roqmidtilkt). The limbs are juiddlo-Iike. 

y . — Tchlhyosa uri a, 

c. The anterior dorsal vorte])ra) have elongated and divided transverse 
pi'ocessos, tlie tubercular being longer than the cauitular division 
( Huchoajiondyl U / ). 

a. \Vith only two veitebr;e in the sacrum. 

\'T. — CrocodUia, 

b. With more than two vertebriu in tlic sacrum. 

a. The inanns witlumt a prolonged ulnar digit 

1. The hind-limb saurian. 

V 11. — Din/tiodonfi((. 

2. The hind-limb ornitbie. 

Y I II. — Ornithosedida, 

h. The inanus luvving an extremely prolonged ulnar digit. 

IX. — Pltromnria. 

I slitill clcscrilx? the <'xosk('letal, endoskeletMl, and dental 
Rystenns of tlie chief g^^roiips of the iKeptilia,, under the several 
heads liere cninruTatcd, and .1 shall them give an account of 
these systems in ^ives* But modificatjons in the nijolog^y, 
ncurolog^y, splanchology, and develojimont of tlie two classes 
may be ceuvoniently considered together, under lliose several 
heads, in aiioihei* chapter, 

1. Ida? (hncLOMA, — Tlio Torloist^s «und Turtles arc tlioso 
reptiles wliich most muirly t 4 )[)roach the jhiLphthhu thoiig-h 
tliey depart very \Yi<lely not merely from the iimphibian, but 
from the ordinary vertebrate ty7)e, in some rcsp)ects. 

A horny epidermic exoskeleton. is absent in tlie soft Tor- 
toises the bodies of whieli are covered by a soft 

integaiment ; but, in the other tlie epidermis is inodi- 

iied into horny plates, which constitute the so-called “Tor- 
toise-shell,” and have in general a very definite arrangement. 
The dorsal surface of the body presents three series of central 
plates, of n liich fi\’^o are in the middle and four upon each side 
(4, 5, 4). The margins of the dorsal shield are guarded by 
twen ty* four or twenty -five plates ; one on the middle line in 
front, called imchal ; one or two behind, pygal ; and eleven 
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on each ^ide, marginal. The ventral shield soinetiiiies pre- 
sents an anterior med ian scale ; bnt, more usually, there are 
six pairs, disposed syni metrically. It n ill bo seen, presently, 
that these epidermic jolates by no ineims coiTOS])ond with the 
bony dermal ossifications. In addition to these principal 
plates, smaller scalodike |)atches of horny epideimis are de- 
veloped on other parts of the body, and on the limbs. 

TJio dermal ossiheations may In^st be de>soribed in conneo 
tion ydtli the endoskeleton. 

The presacral vertebim are f('W in number. Tn the Green 
Turtle {(Jhelone niklas) tlna-e arc eight cervi(jal, and ten dor- 
sal, ill front of tlie sacriun, wliidi is composed of t.AYO vertebra*. 
Ill all the cervical vertebrm the ncuroceniral sutures persist; 
there are no transverse processes, or ribs, and th<3 sjiines are 
low or obsolete, '^riic first vertebra, or atlas, is a ringliko 
bone, composed of three pieces, one basal and two superolat- 
eral. The second is a true axis vertebra, the cerdral part of 
the centrum of the atlas ossifying* apart, as an odontoid bone, 
and attaching itself to the front face of tlic centrum of the see- 
')nd vertebra. 

The other cervical vertebrae are remarkaldc for the singu- 
lar variety iu the divSposition of their jirlicular cups and balls. 



Fig, 61. — The Alligator Terrapeao {Chebjdra Seriymtxna). 


TIius the third is opisthocadous ; the fourth, biconvex ; 
the fifth, procoelous ; the sixtii, also procodous, but tlic pos- 
terior face is nearly fiat, and very broad; in the seventh, both 
the anterior and the posterior faces arc very broad and flat- 
tened, the posterior being the more*, convex. Tlie (‘iglith cer- 
vical vertebra is procadous, and differs from the rest by the 
expansion of its neural spine, and by the arching backward 
of its postzygapophyses over the coiiv(*x prozygapOjr>liysos of 
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the first dorsal vertebra, upon which the former l>iay back- 
ward .‘ind forward. 

All tlui cervical vcrtebrm Mr<3 very freely movable npOTi 
one another, and confer «:rfait flexibility on tlic neck. In 
sti'ikin^^ contrast with this arraniromcnt, the ten followinsr 
verteline have llatten(*d face's, firmly united bj^ cartilage. If 
anv one of these ^•ert^‘br^e, from the second to the ninth, be 
examined, it will be Ibund that IIk'; elongated centrum is only 
loosely united with tlie neural arch, and that the summit ol 
the neural aiadv is continuous with a broad flat plate of bone, 
which forms one of tlic eight median elements of the carapace, 
or neural platei< (Fig. 02, 

There are no transverse processes, but a rib is articulated 
between the ccntnirn and the muiral arch. At a short dis- 
tance from its attachment, tliis ri}> passe.s into a broad plate 
of bone, whidi extends upward to unite suturally with the 
neural platcv, and, in front and bcliind, liecornes similarly con- 
nected witli preceding and succeeding costal plates. The ril) 
may bo traccyl along the under-surface c)f the costal plate, be- 
yond the outer margin of wJiieli it jirotnnhis; and its free ex- 
tremity is received info a pit in an elongated prismati(ulermal 
ossification, which forms one of a scaac^s of niare/inal plates 
(Fig. 62, 

The first dorsal vertclira dilfers from tlio others in many 
respects. The anterior face of ifs centrum is con(3avc, and 
looks downward and forward, while its prezygapopliyses are 



Fi:a. 02. — Tranavrr.so section of the sheloton of Chclone rnifln^ in tho florsal region: 
conlniru; g cxpuiMlo.d mmral j>)ate ; O. oostalphito; Ji, rih; inarg-jnal plafo; P, lat- 
eral olenient of tlu* plastron. 


much prolonged, in order to Jirticulato willi tlio convex posle- 
rior fiice of the centrum and prolonged postzygapophyses of 
the last cervdeal vertebra. The spinous process of tliis verte- 
bra does not pass into the bony nuclafl plate of the carapace, 
which lies above it (Fig. 63, and its rib does not expand 
into a costal plate, l)ut becomes connected with tlie costal 
plate of the second dorsal vertebra. Tlie neural arch of this 
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rertx^bra fe shorter, from before backward, tliaii its centrum ; 
and the neural arch of the second dorsal vertebra extends for- 
ward and overlaps the centrum of the first, for the sj^ace thus 
left unoccupied. Tim rib of the second vcrlebra is also carried 
forward, and articulates not only with its own centrum and 
neural arch, but witli the posttuior ed,o'e of the ccaitrnm of the 
first vertebra. 

Tlicse arranj^ennents are repeated by the other dorsal ver- 
tebraMind ribs, up to ilio ninth inclusive; but, in the tenth, 
the neural arch oc.cupies only tlic anterior half of the centrum 
of its own vertebra, and the rib is very small, and has no cos- 
tal plate. 

'J'iie union of the neural and costal plates of the eight dor- 



Fio. 68. — Oorsal view of the cam pace of ClteJotie mMas: N'n^ miclial .^/■.marginal 

X»lates ; 7i*, ribs ; 1-S, neural i>i:ites ; 0. 1-C6, cobUiI plates ; / V, plates. 

sal vertobne, from the second to the ninth inclusively, gives 
rise to the ]:)rincipn,I part of the carapare^ or dorsal moiety of 
the bony shell of the Ghelonian. The first and the tenth dor- 
sal vortebne contribute nothing to the carapace, th<‘ir .small 
ribs merely becoming' attached to tlie costal plates beliiiid and 
before them. 

In front of the first neural plat(% and joiMe<l witli it by a 
serrated suture, lies a large nuchal plate (Fig. h3, which 
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forms tlio anterior median boundary of the carapace. This 
nuchal plate sends down from its niider-surface a median pro- 
cess, which is joined by ligament with the expanded neural 
spine of the <?ighth cervical vertebra. Behind the eighth neu- 
ral plate, three other median plates (Fig. 63, Py) suc- 

ceed one another. The anterior t'wo of these are united by 
sutures with the eighth neural and costals, and Avith one an- 
other ; but the third is connected externally only with the 
marginal plates. All tlirce are perfectly distinct from the sub- 
jacent vertebrae, 

Tlie sides of the carapace are completed, between the 
muhal and pygal })]ates, by eleven niargioal plates (Fig, 63, 
31) on eardi siVle. haght, of thes(^ receive the ends of the ribs 
of the so<X)iul to the ninth dorsal vertebra', in the way already 
descril)ed. 

There is no doubt tliat (he nuchal, the ]>ygal, and the mar- 
ginal plates of the carapace are membrane-bones, developed 
in the integument, c[aitc iiulependcmtly of either the vertebras 
or the ribs. But it appears that the neural plates and the 
costal plates exist, as expansions of th() cartilages of tlie neu- 
ral sj)iiies and ribs of the primitivx' vertebra?, before ossilicai- 
tion takes place, 3tus being* the case, the neural and costal 
j)latcs are vertebral and not dermal elements, however similar 
tlic^y may seem to be to the nuchal, pygal, and marginal plates. 
But this ultimate similarity of bones of totally distinct origin 
is not more remarkalde here than in the case of the skull, 
where the parietal and frontal bones stand in tlie same rela- 
tion to the su})ra-oecipital bone as the iiiKihal and pygal plates 
do to the* neural plates of the carapace. 

Tlicre are no sternal ribs, and no trace of a true sternum 
lias yet been discovered in tlie Cheloma. Tlie plastron is 
wholly coin])osod of membrane-bones, which art' de\’ eloped in 
the integument, and lie, in pari, in front of, and, in part, be- 
hind, the iiinbilieus of the f etus. The latter, at h*asl, there- 
fore belong to the abdomen, and the plastron is a thoracico- 
abdominal strueiure. 

In the turtle the plasti'on eonsisls of nine pieces- — one me- 
dian and anterior, four lateral and paired (Fig. 64). Tliesc 
nieces may be named— the median, e)dopktstron ; the first 
lateral, epijdastron ; tlie second, fryoplastron ; tlie third, hypo- 
plastron; and the ^ouvih^ xiphrplaMroir^ Tho cntoplaMroii 

* Believinij: the plns^.ron to answer to the sternnm of other Virfebrata^ 
anatoiriiftts have terined these elements of the plastron entoBtermim^ ejMer- 
nnm^ hyosternum^ Itypostermim^ and xipMeterntm, 
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and the two eplplastm correspond with the median and lateral 
thoracic plates of the Labyrinthodoiit A.mphibia^ and YQxy 
probably answer to tlie interclavicle and clavicles of other 
Vertehrata. 



Fio. CyL — The pln.^tron of tin* f-roon 'rnrth^ {f!fielone miilns): intorclavicJe ; c/, rlavi- 

des; Jhj.p.^ h3^>i)lasli<>n ; liyi)oi>lrtstrua ; xii>Jii]>j.'»str()a. 


The sacrum consl.sts of two vertebra?. The expanded 
sacral ribs are not aiichyloscd with the contra and arches of 
their vertebra?. 

The tail is flexible, and consists of procoelous vertebra?. 



Fig. 65 ,— Extorritt] viow of a section of the auditory rejrlon of the skill] In a Turtle {JJhelont 
midaH)'. o., fenestra ovaIis;y; r.^ fenestra rotitndM; esc, external, anterior: 

and jiosterior semicircular canaJs. 
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T)ie antei irn* caudal vertebrae Lave no transverse processes, 
but possess ribs wbicli may not become ancliylosed with the 
centra. Thus the tail and the neck are the only regions of 
the spinal cohunn of a Cludonian which arc Ilexilde. 

Im the skulls of tlic Chelonla all the bones, except the 
mandible and the liyoideau arcli, are immovably united to- 
getluT. 

Ju tlie occipital segment of the adult, the supra-occipital 
is united with the cpiotic, but the ex-occipital usually remains 
perfectly distinct from the opisthotie. Tlie basisphenoid is 
large and distinct. The alisphcnoidal region remains unossi- 
licd ; but the large x>arietal6 send down a prolongation on 
each side, which plays the })art of an alispheiioid. Neither 
tlie presx>lieiKjid nor tlie orijilosphenoids are represented ])y 
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Fio. 6(t— TA)npit tnHnal sections of the shall of the Turtle. The upper flj'uro ropresenw the 
entire shall witli the (mtliiie of the brain m aiUi ; Iho lower gives a latter view of the 
Inner face of the hones of the pTstorior moiety of the skull. 
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bone, but there are large frontals. In the periotic capsule the 
large prootic and the opisthotic (Cuvier’s oedpitale externe) 
remain distinct bones, but the cpiotic ui)iles with tlie supra- 
occipitah 

The naso-ethmoidal cartilage largely persists ; but it be- 
comes covered above and at tin? sid(:!S by a large bone, which 
meets with its fellow in the middle line, and occupies ilie po- 
sition of the lachrymal, prefrontal, and nasal. The preinaxiJJje 
are small, and usually uniled together. There a single 
vomer, j)roduc(*d downward into a median iiiternasal plate, 
wliich expands below, and joins tlic ].)a]atimi pLate of the 
palatine bone. 

Above the ])ost<^rior and upper part of the orl)it lies a post- 
frontal, and, beidnd this, a squamosal is ])laced at the sides of 
the periotic capsule, and above tlie large (juadratc bonca The 
postfrontal and spuamo.sal ocampy the 
upper part of the temporal region of ^^'' *** 
the skull. Below these, a quadrate- 
jugal and a jugal comuH'-t the qtaid- 
rate bone with the hii-gc^ maxilla, 

In some genera, as Ohelona and 
Cheh/dra^ tlui slcull possossi.^s a sort 
of fals<3 roof, formed by tlie expan- 
sioii of a median ridge, dev(‘l<)|)ed 
from the pMj'ietal l>oues, into a broad 
plate, wliich becomes sutundly united 
wi th the postfi'on tals and s( [uainosals, | 

The quadiate boiK! is (irmly fixed 
to th<5 sides of the perioi ic region of L 
the skull, and ends b(dow in a strong 
condyle for the maudililes. The long 
and iiroad pterygoid Iioih'S unite with 
one another in the middle line, and 
are iirmly fixed to tlie base of the 
skull, as in Pledosaiiria and Croco- 
dtlia. They unite only with the u}> 
per part of the quadrate bone, as in 
the latter reptiles, ^ 

The palatines are firmly united t'V,. G7.--Thr^ k>ft 
With tlie jrterygojcls, rxdund, and Avitli 3’ >, poj,trrior naros. 

the vomer above and in front, 1'hey 

are prolonged downward, and develop a short jiMlaline plate, 
which unites with the ])rodueed and exj)ajided lower^edge of 
the vomer, to bound the posterior nares. (Big* ^'Oj A^*.) 





178 THE ANATOMY OF VEIITEBBATED ANIMALS. 

Tlie dcnlary pieces of the two rami of the mandible are 
represented by one bone, as in Birds. 

The hyoiclean ap[)aratu,s consists of a broad plate of car- 
tilage with two longer anterior, and two shorter posterior, 
ossified cornua. The cornua have no direct cojiuectioii with 
the skull. 

The pectoral and pelvic arches a[)pear, at first sight, to 
have a very anomalous position in the Chelonia^ inasmuch as 
they seem to be situated inside, and not outsidi'., the skeleton 
of the trunk. But since tlie plastron does not answer to the 
sternum of otluT Vertchrafa^ but to part of the dermal skele- 
ton, tlui anomaly does not really exist on the ventral side. 
And, as to tlie dorsal side, tlic ]><;etoral and ])elvic arelies of 
the foetal Chelonian are at first situated in front of, or behind, 
and externtd to, the ribs, as in other Vcrtd>rata, It is only 
as development advances, that the first costal plate extends 
over the sca]^ula, and the hinder costal plates ova^r tlie ilium. 

The pectoral arch is ossilied in such a manner tliat the 
sca|nihi and ])reconicoid form one bone, whi](> Uic coracoid re- 
mains distinct. Tlie free ends of the coracoid and pr(x?oracoid 
are usually connected together by a fibro-cartilaginous band, 
represoiitiiig the opieoracoidal cartilage in Ijiieertllia. There 
is no clavicle, unh'ss tln^ epiplastra and ontoplasiroii represent 
that bone. 

The carpus of the Chelonvt contains nine primary ossicles, 
as ill the Urodela — three in the proximal row, one cmitral, 
and five distal — and these almost always remain distinct. 

There arc five digits, the iiumbin's of the phalanges of 
which present no (ionslancy. 

The pelvis contains the usual bonCvS. The pubes (wliich 
are very large) and the ischia raeid respectively in a long 
symphysis; and, sometimes, the foramina ohturaiorla arii 
completed, internally, by the meeting of the bony pulics and 
ischium of each side in the middle line. 

The pelvis is not usually united with eitlier the carapace 
or the plastron, but in Chelodlna^ and some other 

genera, the ilia unite by synchondrosis, or anchylosis, with the 
last costal plate, and the pubis and ischium with the xiphister- 
nal plates, so tliat the pelvis becomt's firmly fixed between the 
t carapace and plastron. 

The proximal row of the tarsal bones consists usually of 
an astragalus^ formed by the union of the tlhiale and interme- 
and of a fibulare or calcaneAim^ In Ghelgdra there is a 
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centrale, InChelone^ Testudo^ and Trioni/x the centrale 

is united with the astray ahis ; and in JEmys^ the calcanemn 
coalesces into the astray ahis^ so that the proximal portion of 
the tarsus consists of one bone. In tlie distal scries tlio two 
hbular tarsals are united into a cuboid bone. There arci jive 
digits, and the fifth metatarsal has a peculiar form, as if bent 
upon itself at right angles, in tlie middle of its length. 

In the TesUullnca there are only tv\ o phalanges in each 
digit of the pes. 

The Chdonia are divisible into the 'J'estadinea^ the Kmy- 
dca^ the Trlo'ayclioidca^ and the Juiereta, 

1. The TestudiHCa have the horny jaws naked and cutting, 
or denticulated. The eyes arc lateral, the tyin})ainc mem- 
brane is exposed, the sliort and thick limbs have the toes 
(all of which ha\'e nails) bound togctlnn* by the inlegument. 
IMie horny plates of tlic cara])a('e and plastron arc well de- 
veloped. 

The Land Tortoises ])elong' to this division. Tlie carapace 
is usually very eonvtcv, and sometimes (as in tlu^ genus l^yxls) 
the anterior part of the ]>lastron is movable, and can l)e shut 
up like a lid. In (Jlnyxis^ the liinder part of tlie carapace is 
similarly mobile. 

2. The .E)tiyd<m have, nsually, liorny cntling jaws, un- 
covered by lips; tlie tympanum expose<l, and the) limbs more 
slender than in the Testudmen^ with rive-claw(>d digits, wliicli 
arc only united l)y a web. Tln^ horny ])]at<'s of tlie cara])ace 
and plastron arc well developed. 

These are the River and Marsh Tortoises. They are further 
divisible into two groups, in the one of v liich, the Terrapenes^ 
the pelvis is free, the neck bends iii a va/rtical plane, and the 
head is almost coniplcti^^Iy hidden lyy the carapace when re- 
tracted {.EmySj C 1st ado^ C7i elydra ) . In (Jist udo^ (Jin o ^ten nrn , 
and Staurotypiis^ the hiiid<ir part of thci idastron is mobile. 
In the other division, the (Jhelodines^ the pelvis is fixed to the 
carapace and jdastron, the neck bends sid(?ways, and the 
head cannot be completely retracted under the carapa<‘e 
{CheJys^ Ghelodina,) 

3. In the TrionychoUIea (Mud or Soft- Tortoise's), the jaws 
have an external entaneons lip ; the nasal organ is pioJongcd 
into a kind of snout, and the liead is covered by a soft skin ^ 
without any visible tympanic membrane. The limlis are ilat- 
tened, somewhat finlike, and pentadactyle ; but only three 
digits have nails. The integument develops no horny plateS| 
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but; is quite soft. The costal plates arc shorter than in other 
Ghdonia^ and the rnarginarossicles arc eitlier rudiineiitary or 
absent. 

The genera. Gyynnopus^ Cryptopus^ and Cycloderma ^ con- 
stitute this division ; they all inhabit the fresli waters of hot 
latitudes. . 

"nie Eueretay or Turtles, have an exposed, hooded, horny 
beak, with a blunt snout. The tynipaimm is hidden by the 
iutegunjont. The limbs, of w hicli the antei’ior pair are much 
the loT\ger, are eonveriiKl into ])add]es,dhe digits being much 
flattened and elongated, and iminovably united together by 
the integument ; only oiui or t\\u> nails are develo])ed. The 
skin of the body is either rugose {jSpharglH)^ or covered w-ith 
thick epidermic plates ( Vhelone,) 

The tw^o gen<n*a composing* this group inhabit the scats of 
warm climates. 

The Chelonia are first known to occur, with certainty, in 
the Lias. The older forms are, in many respects, intermediate 
betwoen the Euereta and tlui Trwnychotih<iy but present no 
a])prc)?iimatioii to any ollnu* ordtu* of Jlfptlllci. 

II, The PLESiosAuniA. — In some of the Idesiosaurkty the 
head, not more than om^-twelfth or one-tliirteenth of the length 
of the body, is mounted n])oii a neck as long, in proportion, as 
that of a Swan ; but in otli<n\s, the head hs largo and massive, 
and the neck nuich sliortei*. The hind-limbs arc longer than 
the fore-limbs, and there is a comparatively short tail. The 
integument was certainly devoid of any scutes ; and w^as, |)rob- 
ably, smooth and possessed no scales. 

The cervical vertidirm ma}^ exceed forty in number, tliongh 
they are generally hwver; and as none of the ribs aj)pear to 
have l)(5en connecl(‘d with the st<‘nunn, or if such connection 
cxistetl it cannot now be tracc<l, it becomes dlflicnlt to dis- 
tinguish betweeai e<.‘rvieal and dorsal vcrtolme, and one is 
obliged io have recourse to some method of sc'paratitig the 
two, dilfering from that already ado])ted. Now*, in these 
aiiimals, the? nenrocentral suture persists for a considerable 
pt?rio(l, if not tlirougliout life; and the surfaces for the articu- 
lation of the ccu'vical ribs, Avhich arc at first altogetiier below 
tlie neurocentral sutures, gradually rise, in the posterior parts 
k>f the neck, until tiny first are mt by, and then rise al)ove, 
the suture. It is very coiiveiiient, and harmonizes very well 
witl - some facts to be mentioned by-and-by in the structure of 
tlie Crocodlliay to take the last of the vertebree in which the 
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articular surfat^o is cut by the neuroooniral suture, as 
tlfeyast of the cervical series. 

The two anterior cervical vertebra?, as thus dofuied, con- 
stitute tlie atlas and axis, and are frequently ancliidosed to- 
gether. Tho^ceritre of the other cervical vertcbric liavc slightly 
c.oncavo anterior and poslcrior surfaces ; well-developed neural 
arches ; anterior and posterior oblique ])rocesses, or ?^yga- 
pophyses, of the ordinary (-haractor ; and stout, but somewhat 
short, spinous processes. The centrum presents, upon each 
side, an oval rugose pit, sometimes more or less dividcil 
into two facets. Tliis is the costal articular surface, which 
has bc^cri already ifdvcrled to. Into it lits thi? thickened head 
of a costal rib, which may hav(? corn^sponding facets, but is 
otherwise undivided. '^Plie rib is eontimicd backward into a 
short and straight l)ody, and the angh?, or the ])art at which 
the neck and tlic body of the rib join, Ls produced forward, so 
that tlie cervical ribs of tlie .PleMos((Mria haa e a strong general 
resemblance to iliose of the Cvocodlllif, In tlu? posterior ])art 
of the neck and the anbn-ior ])art of the <I()rsal region, the ribs 
become sornewliut longer, ami lose Ilnur anterior processes, 
gradually acquiring the iT>unded a.ml curved form of ordinary 
ribs. Their proximal ends remain simple, and the hicets, with 
which they articulate, become I’aised, ami thrown outward, as 
transverse? processc‘S, d(?velop<Hl from the arches of tin? verto- 
l)r;e. (Fig. 08 , C.) 

In. the anterior doi'sal vertebrm, th <?so transverse? prot?esscs 
rapidly acquire tlieir full length; and tliey are continued un- 
der this form, descending S(;rnewhat lower upon the arches of 
the v(?riobne toward the sacrum, to the end of the dorsal re- 
gion. The ]ieura] spines acquire greater length, tin? zyga- 
pophyses are well developed, ami the articular surfaces of tlio 
centra retain the form which they possessed in the (iorvical 
region. There are usually lK‘twecu twenty and twenty-live 
dorsal vert/ebra?. The sacral vertelwa? are t\\u>, and r(?scmble 
the others, exc(?])t that the sacral ribs ar(? large and broad for 
the attachment of the ilium. The caudal veriolna?, usually 
between thirty and forty in number, become, as usual, r(?duced 
to litllo mon? than centra at the end of tin? tail ; hut, in the 
fore part of the tail, tliey have W(?lI-dcveIopcd spines and ar- 
ticular processes, Avi(lrril)s which become ancliyloscd to the 
bodies of the Aertebra', rmly late? in life. W(?]]-dev'el(>ped|l 
chevron-bones are attached between tlic ventral margins of 
successive centra of the caudal vertebne. 

As lias been mentioned, there appear to be no sternal ribs, 
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FlO. tho strijciiire of the most importBnt pnrts of the skeleton of 

ii/'t/y , — A, 11u« skulU A'/f, aperture. — the left loro'limb: //, hnmerus ; 

f/^iilna: 7f, radius; r. i. w., radiale, jntiTmedimu, and ulnare, in the proximal row of 
carpal hones; 1, ‘2, d, distal ear]>al hones; Jfe, lucUicarpUB: /V^, yd»alar>fres.— -C, a dorsal 
vertebra with ribs {A\\ and vejjhal i>ssit3ealions( V.o). — 1), the loft hii.id-jimb : /’ femur; 
7\ tibia; Jt\ tibula; t. i.f., tibUde, intcnnediuuu and fibularc, In the proximal row of tar- 
sal bones; 1, 2, d, distal tarsal Ixmes; Mt metatarsus; /Vt, ptmlanisrcs. — E, tlie pectoral 
jirch; S<\ scapula: CtJy eoj-acoid: elavicles and interclavicle (S')— F, the pelvic arch: 
Pb^ pubis; JL ilium; 7.s, ischium. 


but iliere is fi \voll-de\ cl()[)e(l system of ossifications of the 
fwall of the alxloinen, arranged in transverse rows from before 
backward ; each row consists of a median bone, slightly bent 
upon itself, thick in the middle, and tliln at each end — and of 
six other bones, three on each side, which are elongated and 
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pointed at each end, and so disposed iliat ilicir ppinicd ends 
overlap one another. (Fig. 68, C.) 

In some Ple.nosai(Ha^ as already stated, the skull (Fig. 68, 
A) is very small in proportion to tlie body, not having nioj-e 
than a twelfth, or a thirteenth, of iho ]<aigyli of the latter; but, 
in other species, the skull is imicli larger. The snout is tap('r- 
ing aud depressed, and the nasal apertures are situated, not 
'at its cxtreinitics, but just in tront of llie orbits — tlie latter, 
like the supni-teuij)oral fossie, being wide. The oecipital con- 
dyle is almost wholly <levelo})ed from the stout basi-oecipilal. 
The cx-occi|)itals give oil* elong-ated parotic processes, and the 
basisphenoid is a thi(*k bom', wliich ends in trout in a long 
rostrum. 

There is a wadl-inarked parietal toranu'n, and the ])arietals 
send otf comparativc'ly sliort process(*s backward, which be- 
come eonuected with tlie largo S(|uaiuostils. The latter uviilc 
\vith Hk* postfrontals, wlrlch separate the orbits from tlu^ tem- 
poral fossa, and the orbit is oonipletcd behind by the junction 
of the postfrontal with the jugal. The jugal l)oue is continued 
backward into a vslender bar, whi(’li extends as far bac k as the 
lower end of the (juadrate, and [)robai>ly contains a (jiaidrato- 
jugal, so that there is a distinct infra-temporal fossa. Tlie 
most obvious circumstance in wliieli lla^ skull IHesiomurnin 
differs from that of most lirptllia is in the great size of tlie 
preniaxillarit.'s, whicli constitute a large ])roportiou of the 
snout. 

The undcr-surfaco of the skull is ran*ly nn cII ('xj)o.sed in 
its anterior jiart ; ])Ostcriorly, it exhibits a broad and long 
expansion, formed by the pterygoid lioiu's, which unite in the 
middhi lint', and send proccsst's outward and backward to 
tlui cpiadrate bone. On eacli side of the middle line of this 
region of the skull, is seen an ovoitlal fossa or dt‘])iession. 
The pterygoids are continued forw ard, and are imittMl extei- 
nally with transvt'rse bones, and more anteriorly wdth nattened 
palatine boiu's. When the foi e-part of Hit? under-sm fa<M:‘ of tlie 
skull is exposed, twxi other fossm are visible, oiui on each sidti 
of the middle line, botiiidcd iK'lnnd by the palatine bones, ami 
st^paraied by wliat appear 1o be the voirieis. 1 conceive that 
theses are the true posterior nares, and that the j:)ostei‘ior aptu- 
tures are simply spaces left betwetai tlie jiterygoid bones ami 
the basis craniL > 

At the sides of the base of the skull, spc'cimens oi Plesio- 
smmis occasionally exhibit two styliform bones, wdiicli lie 
parallel with the axis of the skull; these may be parts of the 
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hyoidoan apparatus, No trace of any sclerotic ring lias been 
found. 

The teeth of tlic IHeslosafiria arc sliarp-poiiitod, curved, 
and tlu^ outer surfaces of (heir crowns striated. Each tooth 
is hriged in a distinct alveolus, with which, as in the Croco- 
dllht^ it d(.)es not become ancliylosed. 

Tlie pectoral arch (Fig. 68, E) is one of the most remark- 
able parts of the organization of \\\^ Jdlc^kmmr la. It consists, 
in tlio jirst place, of two v(ay large coracoids, the long axes 
of which are ])arallel with one anotlier, whilt^ tlieir inner edges 
meet, without ovaa-lapping, throughout the greater [)art of 
their extent. in this res[>c(‘t tlc^y tiilTer from ary of the 
Lacfydllla^ Avhicli are ]>r(»vici('d wltli \v(dl-develoj)ed limbs. In 
these the long ax(is of tlio coracoids always cut one anothbr 
at a large, angle, open p<»stcriorly — a circuinstanc(^ which 
I’esiilts from thi‘ iiianmn' in \vhi<*li the coracoids are received 
into groovers in the anterolaleral edges of tlici rhomhoidal part 
of the sternum. I [mice it would appear that the Jdesiomurla,, 
like t])e (J/icJ.onki, did not possess any thing corresponding to 
ibis rhomhoidal ]>art of tlio sternum, but that the intercoracoid 
part of tlie sternum was cither absent, or rednec^d to a mere 
baud, as in some J.kifrac7iia, 

The seapuhe arc unlike th<i corresponding orgaiis in any 
other reptile. The glenoiihd end, stout and sirong, is con 
tinued horizontally forward and inward, as a bony ]>rism, wdth 
a somewhat concave inner (jdge, and ilat inlVirior surface. The 
outer surfa(^e, rising up at j'ight angles to the ventral surface, 
gives rise to a ^v(dl-deliued edge; at a short distance from the 
glenoidal end, the part of tlie hoiie wdiich bears this surface is 
]:»roduced upward and backward, into a low recurved plate. 
This part appears to r<^[)resent the pro|>tn’ body of the scapula 
in otlnu* Ke|)tiles, while the liorizmital prolongation answers 
to that preglenoidal ])rocess of the scapula, w'hich extends 
forward and inward as a (V(^e bony l)ar in many Ijarcrtllla — 
for examfde, Tguaart, 

In we]bpreserv<?d specimens, a broad hoop of substance 
(Fig. 68, E, a), wdilcli se<Mus to liave been but imperfectly 
ossified, extends across tlie middle line of tlie body, from the 
preglenoidal process of one scapula to that of tlieother, and is 
continued backward in tlie ini<ldle line, to (he junction of tlie 
two coracoids. riiis cori*<?sponds V(U*y nearly in form and 
position to the epicorac*oidal ossifications of the JAicertllia^ 
combined with the clavicles and interclavicles; but I have 
never been able to detect any distinct clavicular, or interela- 
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vicular, dements in any Plesiosaurus ^ tliouglj they appear to 
have been well developed in Nothosaurus. 

I'ho Inmierus is a stout bone — ^jn’isrnatie, and with a rouiuhid 
lioad at its proximal end, ilattcnetl and broad distally. 

G8, B.) Its anterior margin is nearly straight, or (^ven slightly 
convex, while the |)ostorjor is concave. JJistally, it pr(?scnits 
two facets, meeting at an angle, witli which tlie broad and 
sliort radius and ulna articailate. The ulna dillcrs in shape 
Iroiu tlui radius, being convex posterioiiy, and conca\c in 
front. Tlie two bones ai-c? of equal length, and much shorter 
than the liumerus. There are six rounded carpal bones, 
arranged in two rows; and to these su(;eecd fivt^ digils, coim 
posed of inetaearpals and phalanges, wliic-h ari^ C'longatcd and 
constricted in tlie middle. Tiic middle digils have niimerous 
phalanges. 

‘ The pelvic arch lias very larg;e dimensions, in coi respond" 
once with the size of the liind-limb, which is usually longer 
than the foredimb. (Fig. 08, F and D.) The ilium is a 
vertically elongated bone, narrowm* b{dow Ilian aliove, wliere 
it becomes connectcjd witli tliii sacral ribs, Jnl'eriorly, it unites 
with th(i ])ubis and with the is(‘hium, to form th(:^ acetal)n]um. 
The pubes are very bi‘(iad (piadratc bones, nnK*h hirg(.*i‘ than 
the ischia, and they meet in a median sym|)hysis. TJie iscliia, 
triangular and (‘xpaiuhal, also unite in a v(nitral symphysis. 
The icraur resembles the humerus in its general form, although 
both its sides are siraightcr, and the other bones of the liind- 
limb arc so like those of tlu^ fore-limb, as to need no special 
dcscriptioTi. 

There can be littb.i doulit that all the boiu'-s of the limlis 
were, like tlioso of the Cetarea,, enclosed Avitiiin a common 
sh^^ath of intognment, so as to form a })addh\ 

Such is tlie gcmeral organization of the skelcrtoii of the 
Pleslosauria^ wluvli are long (extinct animals, entiredy confined 
to the Mesozoic Rocks, from the Trias to the Cluilk, inclusive. 
They may bo divided into two groups, according as they arc 
Triassio, or Post-Triassic, in age. 

The Post-Triassic group contains the gemrra Plefiiosaurus 
and Pliosaurus^ the dllferent spejcies of which ajipear to differ 
ill little more tlian the proportions of the liead to tlci trunk, 
and the relative length and degree of excavation of the? centra 

* It. may bo a question .wliother the fourth distal hone in ilie ein*pus and 
tarsus (Fi*^. 68, H and 1)) belonjfs to carpus and tarsus, or to motacariiUH and 
metatarsus j or whether it is Ibrmed by the confluence of elements helonging 
to botU regions. 
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of the vertebra?. In the species which have bo(?n named 
l^iomuruSj the vertebrae are wide in proportion 1.0 their 
lenj£!:t}i, and deeply excavated in front and b(?hind. Pllosaurus 
attained gigantic dimensions, paddles of some individuals 
reaching a length of not less than six feet. 

Tlie Triassic genera, Kotliosaurm^ ■ jSlmosaurus^ Pisto- 
satiriis (for a knowledge of the organization of which we are 
chiefly indejjted to the labors of Hermann von Mc3^er), appear 
to have difl'ered from Plesiosminis principallj' in tlie following 
respects ; 

The comuiction of tljo neural arclies with the centra of the 
vertebrje seen ns to ha ve been looser. The snpra-tempora l 
fossa? in the skull appcair to have been larger in proportion, 
111 these aiiinuds, tlic^ under-surface of the skull lias the same 
structure as iu Plesiosanriis^ liut apparently lacks the poste- 
rior fossa?; wliilo ihmo is no doubt whatsoever that tlie true 
postei'ior nar(‘s arc situated far forward, in the position as- 
signed to them iu Ph'Hlosmfnis, 

llie pectoral arcli of JVothos((urif,s^ again, presents a very 
interesting deviation from tlie Iflesiosaurian t>^pe. The cora- 
coids, ind(‘ed, are gr’eatl)’' ex}iaudcd, and meet by their inner 
edgcjs, so that tlie rliomboidal part of the sternum secans to 
have been wliolly absent, and the scapula? liave a liorizontal 
prolongation, not qiiile so long as in IHesiosaurits^ with an up- 
standing proper scapular part of corresponding sliajie. But 
then the ends of these preglenoidal processes are eoiiiiected 
together by, and indeed suturally united with, a stout, curved, 
transverse? liar of bone, consisting of throe jiioces, one small 
and median, and two very large and lateral, all united firmly 
together liy sutar(?s. T[u?rc can be Utile doubt that the con- 
Blituents of this boii}' bar corn\spoud with tlie interclavicles 
and clavicles of ] Aif’ertUla and Irlithyostmria, 

III, TIk? ImAceiitilia. — Some h‘w PacertUia^ like the Cha- 
imeleons and the Atn}>hii^h(.rint’^ are covi'rod l>y a soft integu- 
ment; but, iu the majority, there is an epidermic exoskeleton 
composed of [ilatos, tubercles, or spines, vr overlapping 

scales. In some forms (e. g., /Nc//?cw/?, Vydoclm) \ho dernii 
beneath the horny scales is ossified, and the body lias a com- 
plete armor of bony scutes, corresponding in form with the 
scales. Th(? dermal ossifications of the liead may coalesce 
witli the subjacent bones, but this union of dermal bones with 
subjacent parts does not occur in other parts of the body. 

The spinal column always contains a considerable number 
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of vertebnB ; and, except in tho A'mphldmmjG and some feny 
other Lizards, tlie tail is long. Those Lizards which possess 
hind-limbs liav'C a sacrum, into which not more than three 
vertebrae, and rarely more tlian two, enter. The presacral 
vortebne arc distinguishable, when sternal ribs are present, into 
cervical and dorsal. x\ll those vertebrm which lie in front of 
the first sternal rib are cervical; and it^ as sometimes happens, 
the last two or three dorsal v(‘r<ebra? are devoid of ribs, they 
become lumbar. N(3t more than nine vcM tebne are met with 
in the cervdcal regi(.>n of existing Jjaccrtilla^ and tliis number 
is rare. The nnmbor was greater in some extinct Tjacertllla, 

The atlas is coTn])osed of three pieces, one inferior ami 
two superolateral. The odontoid bone is closely united with 
the second vert('.bra, and its anterior ra<X3 may bii cylindroidal. 
A separate ossillcation is sometimes formed on the under-sur- 
face of tlic spinal column at the junction of each pair of ver- 
tobne. Such a separate ossification, or sub-vertebral weib/e- 
bone^ is commonly developed beneath and betw(3(?u tlie o<lon- 
toid l.)one and the body of the second vertebra. 

The centra of the vertebra' are either j^rocojlous, or amplii- 
crelous ; the former being by far tlic more common condition 
in existing .Lacertllicf^ all of which, excc|.)t the Geckos and 
Sphoiodon^ have procadous vertcl)r;e. The cups and balls 
arc usually ellipsoidal, the long axis of the rjllipsoid being 
transverse. In tlie Geckos, the centra of the \'ertcbrie are 
conically excavated at each cmd ; and, except in tin*, (jontre of 
each vertebra, whe-n^ it is ossihed, the riotocthord ])ersistH 
througliout the spinal column. 

The sacral vertebrai of <3xisling Lifecrtllla are not anchy- 
losod together, nor ai*i3 tluiir articular ficos modilic'd, the two 
being connected by a free enp- and -ball articulation. The 
movements of the two vertebne, however, arc r(3strained by 
the strong ligaments wliich connect tlieir neural spines and 
arches, and by the iibro-cartilage which connects and cov^ers 
the free ends of their expanded ribs. 

In the anterior part of the tail of th(3 T^aeertUld tlnn’o nvc 
usually well-developed subvertobral chevron bom^s, wliich are 
commonly attaclied to tlie bodies of tlie siweral vort(d)ra?, and 
not in the intervals between adjacent vertebrae. In many 
Xtacertilia {LacGrtcv^ Itfuana^ Geekod) tlie c-imlal vo/'tebrm 
have a very singular structure, the middle of oacli being trav- 
ersed by a thin, unossified, transverse septum. Tiio vcrt(d)ra 
naturally breaks wdth great readiness through the plane of the 
septum, and when such Lizards are seized by the tail, that 
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appcntLii^^o is pretly certain to part at one of these weak 
points. 

Tlic nrclios of tlie vert(3bneof iho Jm cert ilia are articulated 
together by the ordinaiy oblique pro<iesses, or zygapophyscs. 
In tlie Iguanm tiny arc additionally connected by a process 
of ili(‘ front part of each arch {zyg 0^2)1 tene)y which litxS into a 
fossa on the posterior face of the preceding arch {zygantriim). 
Tlies(*. I/i(!crlilian v(ntAd>rje thus nearly approach the vertebrae 
of the O/ihvlia, 

The transverse processes of tlic vertebra? arc very short, 
and are, at most, divided into two indistinct facets, with wliich 
corresponding fa<;ets on the proximal ends of the ribs articu- 
late. 

Ribs may he developed in all the ciwical verte])ra? except 
the atlas, and tliey usually increase in hmgth toward the dor- 
sal region, where more or fewer of them become <‘onnect<?d 
with the sternum. The dorsal moiety of the primitive caRi- 
lago of the rib becomes ossified, and the primitive cartilage- 
bone is finally re})laccd by m<3mbranc-bone. Tlie ventral moi- 
t?ty beoomexs converto<l onl}^ into cart i1 age-bone, and may j^ass 
dii-ecily and without articulation, on the one hand into the 
stenium, and on the other into the vertiibral lib. ITocesses 
are sona^times devolojii'd fiom the posterior margins of certain 
of the ribs, which are termed ffrocc.ssus 'unvinati. The ster- 
num, whf?n fully formed, consists of a rhomboidal anterior por- 
tion, from the post(irior angle of which a single, or double, 
backward prolongation is continued into the wall of tlic abdo- 
men. Two or three pairs of the sternal ribs are connected 
with the posterolateral (?dges (?f the rliomboid, Avhilo the rest 
may bo at tached to tlic abdominal prolongations ; or, beliind 
tlicse, they may be continued into one another, to form com- 
plete hoo})s ar-ross the wall of the abdomen (Geckos, ChainiU- 
leons, Scincoids). 

The Flying liizaol [.Draco volans) is remarkable for the 
elongation of many <3f its posterior ribs, which are continued 
into, and su}>port, the parachuto-lilvc expi ession of the integu- 
ment by w]ii(*h it is enabled to perform its flights. 

The skull of the JjaccrtUla resemliles that of the Chclonia 
in the development of an intcrorbital septum (except in the 
and in the absence of a li sphenoids, or of any 
complete ossification of the pres[)henoidal or orbito-sphenoidal 
regions. The prcmaxilhe and inaxllije arc firmly united with 
one another ami with the skull, and there are two vomei*s. An 
unOssified space, tlie jmvietal foramen^ usually remains in the 
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roof of the skull in the course of the sagittal suture, or between 
the parietals and the frontuls. 



Fig. 69.— The skull oT Ci/chdus^ entire ami lor!;Ln(inliiially hlsoeted. 


In the principal group of tlio IjarertllUi^ a coluiniidike 
membrane-bone, (‘alhal the coluniella (but wlncli is not to be, 
by any means, confounded wilh the ,sfey>c.s*, to wliich iJie same 
name is often applied in R('ptil(‘s), ext(Mids from ihe parietal 
to the pterygoid on each side, in close contact with the mem- 
branous or cartilaginous wall of the skull. Hence tliey have 
been called ^'’Kwnocrania^'* or “ column skulls,” This colu- 
mella (Fig. 69, 6V>) ap])(!ars to cornxsjiond with a small inde- 
pendent ossification, wiiich is eonnocied with tlie descending 
process of the parit'Aal and wdtli the pt(‘r\'g(>id, in sonte (Jlie- 
Ionia. 

In the great majority of the Laeertilia (as in the (■hd<mi.a)^ 
the side-walls of the skull, in the region of the ear, arc pro- 
duced into two broad and long parotic ])r()cesses, into tlie com- 
position of which the opisthotie, cx-oceipitaJ, and prootio 
bones enter. Each quadrate bone is articulated with the outer 
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end ofono of these processes (in which a small separate 
tie ossification sometimes, appears), and is usually movable. 
Tljo parietal bono.s do not unite sutimilly with the occipital 
scgMieiit of t he skull, or witli the prootic Lones, but are con- 
nocded with them only by fibrous tissue. And as the presphe- 
noidal region remains unossilied, or incompletely ossifiecl, it 
follows that the fronto-parietal i^ortion of the skull is, in most 
Lizards, slig^htly movable upon th;¥occipito-S{»li{nioidal part, 

]^iat‘,h pai'iotal bone is pn don £3^01 1 backwai'vl into a process 
whicli articulates witli the upper })art of the ])arotio piadojig'a- 
tioii of the skull ; and to the outer side of tlie posterior ex- 
tremity of the parietal procs^ss tii<) squamosal is attached. The 
S(.[uamosal may bo continued forward to the? post-fronfal, which 
is sometimes subdivided into two. The post-frontal may unite 
below with the jugal, aud thus bound the orbit. Only in 
Splteiiodon^ among nicmit Lizards, is tli(‘. jugal conueef od Avith 
the distal end of the quadrate by bone. As a general rule, the 
quadrato-jugiil is re[)rcseiited only by a ligament. 

In consi.H|uence of f ho structure Avhich has bomi d(\scribod, 
the ])osfcerior region of th() ordinary Lacertilian skull presents 
a number of distinct fossae in the dry state. A Biipra-teiaporal 
fossa lies I.)r>tween the parietal, the p>'>st-frontul, and the squa- 
Tn(.>sal, oil tlie upjicr face of tlui skull ; a post-temporal^ bedwesen 
the parietal, the 0 (‘cipital, and the parotic apophysis on the 
post(irior fat^e ; a lateraMemporal^ between the squamosal and 
post-frontal above, the jugal aud quadrate in front and behind, 
and the quad rate -jugal ligaimmt below. 

Tiie palatine and pterygoid bones are firmly connected botli 
Avith th(i facial bones, an<i v\dth the floor of the skull. Thus 
the basisphenoid givx^s off two hast pterygoid processes, the 
ouic*r orifls of Avhii^h arliculab^ Aviih the inner sides of the ptery- 
goid. 'Flu^ })C)storiv)r cuds of the pterygoids arc usually con- 
nected witii the inner snrlaces of the distal ends of the quad- 
rate liones. Tlunr anterior ends arc firmly united with the 
palatines ; and, from the junction of the Iavo, a transrerse 
bone (b^ig. 70, Tr) u.saally passes, to unite tlie ])alatiiie and 
pterygoid with the maxilla. 

The anterior ends of the palatines unite with tlie inaxilhe 
and the Aximers; but, in existing iMieertlUa., they do not meet 
one another, or come into contact Avith the basisj^henoid or 
presphenoid in the middle line. The palatine apertures of the 
nostrils are placed between the palatine bones, on the outer 
side, and tlie vomer, on the inner. In only a few jLaeertUia 
do the palatine bones send down proce.sscs Avhich bend tow^ 
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ard one another in the middle line, and so form a posterior 
nasal passage, partially separated from the oral cavity. 

The two rami of tlic loAver jaw are 
usually, tliougli not invariably, lirmly eon- 
neoted at the symphysis — and each is 
composed of live ossiiications in addition 
to tlie cvrtlcular(). 

The liyoideaii ap}):iraius^"onsisls of an 
clong:it.cd ,m(?dian rofl, tlie anterior })art 
of whieli suppOL'ls tin' base of the (rmgue ; 
and, usually, of two long cornua t>n each 
side of this. The cephalic ends of the an- 
t(jrior cornua may ])e perfectly free', and 
lie ujiou the sides of the neck, as in 
mosaurus ; or tlicy may be traceable to, 
and be (iormected w ith, the stapes unci 
the parotic proca^sses, as in Sp/ienodon, 

The limbs may be completely do\'(d- 
oped; or only one pair (either tlic ante- 
rior or the posterior) may be ]a‘CS{‘Jit ; 
or tlioy may bo enlircilj' abscail. AVIaai 
present, they may be nw.re styliform rudi- 
ments, or may possess any nnmlHn* of 
digits from two to live. Even whem th<' 
limbs arc altogether a))Siait, tlio pcc'toral 
arch remains, though the ])elvic arch 
seems to vanish. WIkui the? jx-ctoral arch 
is complete, it consists of a suprascapiila, 
scapula, coracoid (with ])r(‘Coracoi<l and o|)i(^oracoiil c:]<*ni(mts), 
and two clavicles, united by an inlcrclavicle, w hich iic*s in a 
groove of the sternum. (Eigs. 12 and 13, ])p. 35 and 3(>.) 

The coracoids articulate with grooves in the anterolaterai 
edges of the sternum, and usually more or less cross and over- 
lap one another, in front. 

In the genus JAalls^ in w hich not a li act' of a fc>re-iimb is 
discc?rnible, lh<5re is a small sternum, consisting of a liar, 
somcwdiat pentagonal, plate* of cartilage, in which thc*re is a 
little coarsely-graiiular calcareous deposit; hut this sternum 
is connected with no ribs, nor, though it lies between the 
coracoids, does it articulate wdtli them. Each corac()-sca{)uiax 
arch is a continuous cartilage, narrow^ in the middle, but ex- 
panded at its dorsal, and still more at its sternal end, where 
the right overlaps tlic left, and both are conn(‘ct(?d by librous 
tissue with the sternum. The narrow middle })firt of the eora- 
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cokl is invested, and in part replaced, by a sheath of rnenibrnne- 
bone, vvhicli expands iibove and Indow, and represents both 
sca}>ulii and coracoid, though it presents no trac-e eith(?r of 
division, or of a gh'noidnl cavity. Beyond tlie extreniiti(*s of 
this central ossilication the (*artilag(^ ineridy pr(*sents scattered 
gninnlar calcitieation. Aior.g llie front edge of each coraco- 
scapular nrclj, and elosc^ly connected witli its ossified part, is a 
long (uuxed clavicle, eivtir(‘]y composial of inerabraiic-bont^, 
and united with its fellow in the v^aitral median line, |jy liga- 
mentous fibres. Tiiere is no intcrclaviele. Tlie pectoral arch 
in other snake-like Tazards, sncli as the Blind-Worm 
and the Shelf opusik [I\'^cudojrifs)j is in much the same con- 
dition as in 

When the Innd-liinbs are well diweloped, there is a com- 
plete pelvis. The ilia are movably articnlated with tlie hbro- 
cartilages wliich cov er tlie ends of tlie sacaal l ibs. Tlie pubt^s 
and the iseliia meet in median symphyses, and the anici ior mar- 
g'in of the puliis usually, as in the (j)telonia^ gives olf a strong 
curved process. In many Jx.icertUia a partially-ossified or car- 
tilaginous rod (o.s* vhmea') is coutiuiKal buck bom the sjm- 
phvsis of the iscdiia, and siijiports tlic front wall of the cloaca. 

Ill most Xu/ /Ye./ the manus possesses five digits; and, 
when this is the case, there arc usually eight bones in the 
carpus — one for eacb metac^arpal on the distal side, one radial, 
one ulnar, and one central. As a very general rule, the pollex 
has two phalanges, the sc(.‘ond digit, three, the third four, the 
fourtli five, and the fifth ilnee (2, ii, 4, o, 3). The pcs, also, 
generally possi'sses fi\'C digits, wliich increase in length to the 
fourth, the fifth being smaller than the rest, and divergent in 
direction. Two large bones, veiy clescly uni ted, or comjilete- 
}y fixed togeth(n’, represent the caloanenin and tlie astragalus, 
and arc ai ticuhited, in a manner which allows of very little 
motien, with the tibia and fibula, lii the distal row there IkS 
usually a large bone, representing the cuboid. The fifth 
metatarsal is bent, as in the Chelonid^ and may articulate 
with the calcamaim as Avell as with the cuboid. One or two 
of the cuneiforni bones may be present, or the inner ones may 
be repres(Mit(?d niercdy by fibrous ineiiibrane, or by cartilage ; 
in which latter case the. inner metatarsals i^ipear to articulate 
directly with the astragalus in the skeleton. The number of 
the plialangcs is very gem'raily the same as in the manus for 
the four tibial toes, but one more for the libular (2, 3, 4, 5, 4). 

♦ The bone thus nanie<l mav^' j)crhaps contain a tarsal element, aiul repre- 
sent not only the fifth metatarsal, but tl»e corrosiikonding distal iarsale. 
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The Lmertllia all possess teeth, which may be coiifnied 
fco the premaxill:e,.maxill£e, and dentary piece of the man- 
dibles ; or may, iu addition, be dovelop(3d on the palatine and 
pterygoid bones. Tliese teeth are simple in sti-ucture, and 
their crovvms have very various forms, bc‘ing sometimes sharp 
and coui(^al {^Monitor^ ; or blade-like, witli serrated edges 

f lfjuan(i)\ or witli broad, crushing, and splieroidal crowns 
Gi/clodm), As a gomn-akViile, the teeth become anchylosed 
to the adjacent lioiie with age; and iu the iip[)er and lower 
jaws Uiey thus becoine altaelied, (,‘iiher by thc'ir sides to the 
parapet of the jaw, when tlie dcutilion is said to hi}, pleuro- 
ilont ; or by tlioir liases to the summit of the parapet, when 
the dentition is (wrodont. The exlinct Protor<)s<ncrla are 
said to be tJudi'.odont^ or to have the teeth lodged in alveoli. 
New teeth arc usually developed at the bases of the old ones. 

Ttic LacerllJia arc into iiuinorous groups, the loatllng distinctive 

characters ot which arc exhibited in the rollowiug taldc : 

I. — The pterygoid and quadvale bones united. 

A. A columella and an interorbital .septum iu tlic skull. 
i.a (.Staniiiu.s). 

a. A)iJijIu<;(cloiis vertebni? {I\. Ainphh'aiki). 

It. Oeutition acrodont or pleiirodont. 

1. AHcahthoUi. 

2. Jih.'ffichof'cphii '<f.. 

. Jfom (fjosa >t r la. 
h. Dentition tlu?co(loJit (V). 

4. Proforo'inui'kt , * 
b. Procodous vcrtcbrjc {K. jn'ocoAki). 

a. Not more than nine cervical vertebra), 
a. The nasal hone, single. 

5. Platpnohi, 

1>. The nasal bones, two. 

. 1. The iniegunHuit of the head not 
covered witli cpidoiinio plates. 
f>. J’jifitoki. 

2. The Integument of the head covered 
Avitli epidermic v>lates, 

7. Laccrthia. 

8. Olialcidea, 

0. Scincoldea. 

h. More than nine cervical vortobriC. 

J 0. JhdicfiOsaurlaA 

11. MoHm<iarkt, 

B* No columella no interorbital septum. 

1 2 . Arajddshmnokhi. 

IT. — The pterygoid and quadrate l>oncs disunited. 

13. Cluun(zleonida, 

* The columella has not been observed in these groups. 

9 
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1. 21ig Asc(xlahotii , — Tlie Gojckos, which constitute this 
group, arc Li/arcls of small size, which inhabit the hotter parts 
of hotli tlie (.)hl and tlio New Worlds, and have always attract- 
ed a l.t:<?n Lion by tlieir habit of running with exceeding swift- 
ness along the walls aiid ceilings of rooms. They arc cmiblixl 
to maintain their hold under these circMiinst:inc(‘S, in part by 
- th<i sharpness of their curved, and, in some cases, retractile 
claws; and, in pari, })y laminated expansions of the integu- 
m(‘nt of ihe ander-snrfac(?s of their digiis, wliicli aj^pcar to aet 
in somewhat the same lasluoii as thcj siickta* of the lieuiora^ 
or Sucking-iisli. 

Tlie most important and distinctive characters of these 
Ijizards are ; 

Their vertc^brie arc ainphicadous. 

Neither the; upper nor the lower temporal arcades are ossi- 
fied, the post-frontal being connected with tin? squamosal, and 
the maxilla wdth Hie (|via(lrato, by ligament. 

'i'bo jugal is rudimentary, and the squamosal very small. 

There are iio eyedids, but the integument becomes trans- 
parent as it is continued over the (^yi’S. The integument is 
soft, or coriaceous, lujt scaly. 

2, The llhipichorephala , — IThs division contains only the 
very remarkable genus Splienodon (otliervvisca^ llattena^ or 
lUiyrudiocephahts), The vertebrie ajc biconcave. Some of 
the ribs havt^ reeurrent “uncinate” processes, as in Birds and 
Crocodiles. The sternal and vcndebral ribs are connected by 
an articailatioii, and tlune fs a very {leculiar system of abdomi- 
nal ribs. The inrra-lc'inporal arcade; is completely osseous in 
this, but in no otlicr recimt, lizard. The quadrate bone is im- 
movably lixed, not m(;r(dy by aneliylosis with tlie squamosa], 
quadrato-jugal, iind pterygoid, Iriit by the ossification of tin; 
strong mcmbraiK', which, in I.izards in general, extends be- 
tween the (juadratt*, tin' pterygohl, and the skull, and bounds 
the front walls of tlie tynqianum. The dentary pieces of the 
mandible are not snturally united, "fho prernaxilla; arc not 
anchylosed together, and, as in some other Lizards (e. g., t ro- 
luive a beak-like form, the hu ge prenuixillary teeth 
becoming completely fused wilh the bony sulisiance of the 
pnnnaxjlhe. There is a longitudinal series of teeth upon the 
palatine bone running j^aralh*! with those on the maxilla, and 
the mandibular teeth are received into the deep longitudinal 
groove. which lies between the maxillary and the palatine 
teeth. By mutual attrition, ihe three series of teeth wear one 
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ftiioUier down to the bone in such a way, tliat the mandibular 
teeth are ground to an edge, while the maxillary and palatine 
teeth are worn upon tlicir inner and outer faces respccti^'ely. 

The extinct Lizards of the Triassic age, Mhynchosaurifs and 
Hyperodapedon ^ a])pear to have l;>een very closely allied to 
t^phenodoa. 

3. The IlomcmmiiruL — The reniaiiis of Lizards of small 
siy,e, and agreeing in the most important points of their osteol- 
ogy with the o\\\hvt\xj Lacertllla^ l)ut having amphieodous ver- 
tebne, have been found in the older Alesozoic rocks, from*the 
Solenliofori slates to the Trias inclusively. They cannot be 
ideutilied wuth either the Iihy)i(dioeeph(da^ or the Asralahota^ 
and may be provisionally grouped as Jiornceosaiiria, Tlie 
genera JTomax^saurtfs^ h^cqjhceosaurus^ and Telcrpcton^ belong 
to tills group. 

4. The Protorosaiirla. — 'riK^so are the oldest knowui Sail- 
ropslda^ their remains occurring in the Kupfersehiefer of 
Thuringia, wliicli is a part of the lYa-niian fonnalion, and in 
rocks of coiTOsponding age in this country ; but no more mod- 
ern rep resen tilt ives of this group are known. 

The Thuringian lazard (Prot<>ros(furif8) does not a|)p('ar to 
liavc attained a length of more thiin six or so‘ven feet. The 
neck is remiirkably long', the cervical region being equ;il to the 
dorsal in length, and it bears a skull of rnodeniro siz(‘. The 
tjiil is long and shmdcT, and iIk^ limbs well developi’d, as in 
the existing Monitors. Notwithstanding tlio length of the 
neck, it contained not more than nine, possibly not more than 
seven, vertebra^ wliich, exceiii the atlas, arc rcmarkiil/ly stout 
and strong. There ani aliout eighteen or nineteen dorsal, two 
(or not more than three) sacral, and more tluiri thirty candid 
vertebree. In all tlu^se vertebrai the neurocentral suture is 
completely obliterated, and tlie centra jiro slightly coii(.*ave at 
each end. The side of eacli (-ervical vertebni, ;ift(!r tlie atlas, 
presents, near its anterior edge, a small tubercli', w ith which 
the head of ii slender styliforin rib articuhitcs. The transverse 
processes of the dorsal vertebra? are very short, antei o-posteri- 
orly flattened, plates, arid the strong ribs are iirticulaled with 
them by undivided heads. The sternum has not been pre- 
served. In the abdominal region of some specimens, numerous 
short and filiform bones apj>ear to represent, and correspond 
with, the abdominal ribs of Pleslosaurla and Crocodilia, 

The spinous processes of the caudal vertebra*, up to neat 
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the middle of tlie the ordinary structure; but bej^ond 

this they bifurcate, so that eacli vertebra seems to luive two 
spinous proc(;sses, a peculiarity unknowri in other lAtcertUlcL 

The largo (^liovron-bones ar<3 articulatc3<.l b( 3 tweeu tlic bod- 
ies of tlie cjiudjil vertebne, as iii the but also as in 

some J^acertUla^ such ^s the Geckx^s. ''.riic skull is preserved 
in one spocinicu only, and iji that it is in such mi imperfect 
condition that the details of its structure cannot be made out. 
The teeth, liowever, ai-e n(?arly straight, conical, and sharply 
pointcxl, aiul seem to have been implanted in distiiuit sockets, 
though there may ])o somt^ doul)t upon itiis j)oint. 

Tlic p( 3 ct()ral and pelvic arches are large and strong. Th(3 
fore-lIni))s are shorto^r than the liind-liinbs, and each limb 
bears five digits. The manus contains certainly eight, possi- 
bly nine, car])al bones, five of which corr{‘spond with the meta- 
carpals. The number of plialangcs is exactly the same as in 
most existing JMcertlUa {"Z, 3, 4, 5, 3). In the pes, again, the 
nuFnber of the plialanges is (jharacferistically T/ic’ertilian (-’3,3, 
4, 5, 4), and so is tlio f irm of the iiftli nud-at arsal, but the two 
proximal tarsal l)ones ap|Hiar to have been h^ss closely connect- 
ed together than in existing and there were, at 

fewest, three distal tarsal l)ones wdth vvlii(3li tlie metatarsals 
articidated, a])d by w'']ji(;li they were c()m{)l(4(?Iy separated 
from the proximal tarsals. Among existing an ar- 

rangement similar to tliis is met with only in the Ascaladota, 

5—9. Tii(3 great majoiify of existing Ijaoertllia belong to 
the proccelous K^lotiotyranvi,, with not more than nine cervical 
vertebne, and they deviate but little in fhelr osteology from 
the general type of organization wliicb has be(‘n des(‘ribed. 

Tlie skull in the .Vlatyaotfi^ or Monitin^s of tlie Old World, 
with the Ainorlcau genus .IJelodcrnidj dilYers from that of any 
other J^arertllhi in the circumstance that the nasal bones arc 
represented by a single nairinv ossilicatioii. 

Xn the genus Jjitceria the bones of the roof of the skull 
become continued into dermal ossilications, which roof over 
the supra-teruporal fossie. In tiio Chalcidea and Sevuioidea, 
in which the bcxly sometimes becomes elongated and snake- 
like, and the limbs rudimeutar}^, the supra- and infra- temporal 
arcades are apt to be ligainciitous, and the post-frontals and 
squainosals small, 

10. T/te DoUchosaurla . — A very singular Lacertiliaii found 
in the Chalk, and resembling an eel in form and size, has been 
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described by Prof. Owen inider the name of Dolichoscmrus, 
It possesses an exceedirig*ly elongated body, but is provided 
with limbs and witli a distinct sacruin, consisting of t\^ o ver- 
tebj'fc. Its most remarkable peculiarity, however, lies in the 
number of its cervical vvn*tebne, which were not fewer than 
sev^enieen. 


11. 77ic MosaHa(irif (. — The cretaceous rocks of Europe 
and Airierica have yielded another remarkable long-bodied 
marine Lacertilian, \vliich attained a great size. This is the 
genus Afosasaums^ remains of wliich were first olitalncd from 
the C.lialk near Araestrlcht., 

Eighty-seven vertebrie bc^longing to one individual of this 
genus have been discovered, and whtm ])nt togcthc;r had a 
length of tlurtcen and a half feet. Put there were certainly 
many more vertobrie than these, as those of the end of tlic 
tail are wanting, and there are gaps in the siales of the rest. 
The centj'cs of all llu'se verleltra;; are concave in front and 
convex behind; but IIk; (‘oncavities and convexities are less 
marked in flic ]ioslcrior, than in the anterior, vcrtobi’ie. The 
atlas and axis are not well preserved in this scales of vertebixe, 
but the nine following all have inhnlor spinous processes, 
wliich bcconio shorter in the posterior v(a t<‘bra‘, and, in the 
last two, are ie[)rcsent-cd only by a pair of low elevations. 
They liave sliort transverse j)roccsses, each tcTininated by a 
simple costal facnM. It is probable tliat these ar(‘ cervical 
vertebrae In the dorsal vertebne, of which tlierc must have 
been at fenvest 1 wemty-four, the? transverse ]iro(a?ssc;s, wliich 
are strong in the aiitmior, gradually diiniuish in size? in the 
posterior, vei t<d)r;e. Th(‘.re arc no inferior processes. All the 
vertebne which liave been mentioned liitluato have the cireum- 
fci'encc of the centrum rounded, and are articulated to one 
another ly zygapophysos. But a series of clev^eii, wluch fol- 
low them, have no zygapophysos, and the contra assume a 
more or less triaugular prismatic form. Tlie transverse pro- 
cesses of thc'se are long, thin, and bent a little downward and 
backward. Tliesc seem to have been lumbar vertebrie. No 
sacrum lias been discovered, but there are numerous caudal 
vertebrao with transverse processes, pentagonally prismatic 
centres, and clievroii-boiK^s attached to the middle ol the 
under-surface of each. In the nine posterior of tliesc caudal 
vertebra 3 the bodies are cylindrical, tlic transverse proiicsses 
arc obsolete, and the clievron-boiies, andiylosed to the under- 
sides of the contra, are long, inclined backward, and overlap 
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one another* Ami, in tlie liindermost caudals, the spinoua 
proi*(?sses and the chevron-bones disappear. 

There were strong ribs, but nothing is known with cer- 
tainty of the stcrinnn, limb-arches, or otlier bones. 

The very complete specimens of tlie skull tliat have been 
discovered prove that its structure was very similar to that of 
tlie Old World Monitors in tlie large siz(i of the nasal aper- 
tures, and the fusion of the nasals into a narrow bone. But 
sharp recurved iceih are anchylosed by their bases, not only 
to tlic premaxillary, maxillary, and deiitary bones, but also to 
the pterygoid bones ; and these pterygoid bones are unlike 
those of otluir not only in form, l)ut because they 

articulate together in the middle line for a considerable dis- 
tance behind the posterior nasal apcrlur(\ 

12. The lizards have completely 

snake-like bodies; one genus of the group (67r/y*oto‘) has a 
j)air of small pectoral rnetubers, but the rest arc apodal. The 
integument of the body is not scaly, but its suitace is divided 
iido small roctaiigular arcie arranged in transverse rows. The 
tail is exceedingly short, so that the vcjit is close to the end 
of the body. 

Tlie ninncrous proccehms vertebne have less elliptical 
articular faces than those of the typical iMcertilia, There is 
no sacrum, and all the prccaiidal vertel)ra>, except the one or 
two of the most anterior, have ribs. The representatives of 
the chevron-bones in the tail are firmly united with the centra 
of the veriobrie. The vertebnc have no zygantrinn nor zygo- 
sphene. AmphhJmna lias no sternum. Chirotes lias a ster- 
num, blit it is not united with the ribs. 

The skull, unlike that of Jjacertilia in general, develops no 
interorbital septum. In this respect, and in tlie complete 
closure of its anterolateral walls by bone, it resembles the 
Ophidian cranium. Tliere is no columella. Post-frontals are 
absent, and the sc|iiaTnosal is very small. The quadrate bone 
is small, and inclined not only downward, but forw ard, in a 
manner unknown in other TacertUia, The two rami of the 
mandible are firmly united by suture. 

In AmpMshmita the preinaxillm bear two row's of teeth, 
one behind the other, and one tootli lies iq^on the symphysis 
of the preinaxi]la\ 

13. The (jhammleonida , — The CliamaeleoRs are distin- 
guished from the Kionocrania not only by the negative 
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oliaractcr of the absence of the columella, which they share 
with the preceding group, but by a iiuinber of very important 
positive features, Aniong these I may mention the soft and 
tuberculatcd skin, with its changing hues ; the abseiUHj of any 
tyinpanum; the prelicnsile tail ; and the very peculiarly modi- 
fied feet. Tlio digits are arranged in bundles of two and tlircf?, 
the manus having the polJex, the index, and the nKalius, syn- 
dactylous and turmMl inwanl; vvhile, in the foot, it is the 
Jiallux and index only wlitch are tlms united and turned in- 
ward, the three other toes being siiuilarly connected together 
by integimient as far as the ungual phalaiigi^s, and dinicted 
outwoird. To these cliaracders may be addeil the rcmiarlovblc 
tongue, cap;d>h^ of protrusion and retraction with almost light- 
ning rapidity. 

Th(i v(M'tebr;c of the Cirimicleons are similar in their cliar- 
actei'S to diose of the proccelous Ktiyiiocranla, dMie sacrum 
is composed of only two vertebne. . Only a few of tlio anterior 
ribs arc united w itli the sternum. A large number of the 
|)ost(5rh)r ribs, as W'O liavo already s{^eu to bo the case in the 
(j-ecko, unite togf^ther in the mid-lim^, and form continuous 
hooj).s a.(^ross the vamtral wall of the abdoiium. 

But it is ill the sf riicturo of the cranium tliat the 
leonl'la depart most completely from, the ordinary Laeertilian 
typo. Tlie parietal bmie is not movalile upon the occit>ital, 
the supra-oocipital sending up a median ridge, which unites 
witli the base of a corrcs]>on(iing crest or process extending 
bac'kward for a considerable distance from the miildhj line of 
the parietal bone, 'riic summit of this sagittal crest is joined 
by two curvtal prolongations of the squamosal, tin.* three 
giving the occipital region of the Chanueleoii its remarkable 
casque-like form. ThcriVoTital bone is com])aratively small and 
single, and the icisals are very narrow, and do not bound any 
part of thcj anterior nasal apertures. Tlic^se apertures, in fact, 
are situated upon the sides of the fore-part of the skull, and arc 
separated from the nasal bones, in part, by a membrane which 
stretches outwnird from the nasal bones ; and external to this 
by It prolongation forward of the prefrontal }>one, wdiic^li unites 
with the maxilla, and in some specimens of Ghamreleons is 
prolonge<l forward into a great osseous lioi'n, pi-ojei^tirig from 
the si(ies of tlie front ]>art of the snout. 

The orbit is closed beliind by tln‘ aseenrling ])rocess of the 
jugal bone, but there is no quad rate- jugal. The quadrate 
bone itself is not, as in most other LaeeytUia^ movable upon 
the sides of the skull, but is firmly anchylosed with the bones 
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wliicli lie adjacent to its upper end. The pterygoid bones 
are produced downward ; and, by a very exceptional peculiar- 
ity, do not articulate witli tlic quadrate bones, but arc coa- 
nected with theni only by fibrous tissue. In the lower ja\r, 
the dentaiy pie(><^ takes up a very jnuch larger proportion of 
the ramus than is the ease in other The basal por- 

tion of the hyoid is represented by a long median cylindrical 
enloglossal bone, and its ])osterior cornua are much stronger 
and longer than the anterior j)air. In tlio pectoral arch the 
scapula and coracoid are remarkably longer and narrower than 
in other J^'ertllla. Th(n*e are no clavicles, and the inter- 
cla\ i(Ie is wanting, the sternum being represented only by its 
rhomboidal ossiti(.‘d carliiage. Again, in the pelvic arch, the 
ilium is long and narrow, and its long axis is directed nearly 
vertically to tliat of the trunk — in which respect the Cliamm- 
leons differ very much from the ordinary TAicertUla, There is 
no o.v cloacae, 

Tlio carpus and the tarsus have a very singular structure. 
In tlie (carpus there are two proximal boucs, articulated with 
the radius and the ulna respectivclj^ A single spheroidal bone 
is articulated w'ith tlieso, and witli the five proximal cons tit- 
iionts of the digits, l^esidcs these, Ihero is an ossicle repre- 
senting the pisiform. In the tarsus tliore are also four bones, 
two articulated witii tlie tibia and fi}>ula n^spectively, a third 
below and between them, and a fourth distal bone articulating 
with the live proximal bones of the digits. In botli rnanus 
and pes the number of the i)ualanges, counting from the pro- 
axial to the postaxial side, is 2, 3, 4, 4, 3. 

IV. The OeiTiorA. — Tliis order of Reptiles has been divided 
as follows : 

A. TJie palatine l>ones widely separated, and their long axes longitudi- 

nal ; a tiaiisviTsc bone ; the i^terygoids united with the quadrato 
bones. 

a. None ol tlic maxillary teeth grooved or canal ieulated, 

1 . Affluphodontia. 

b. Some of the posterior maxillary teeth grooved. 

2. Opisfhofffj/phia, 

€. Grooved anterior maxillary teeth siiceecded by solid teeth, 

3 . Prof n' 0 ( fly plda , 

d. Maxillary teeth few, canalieulated, and fanglike. 

4. Bol t noylyph.} a, 

B, The palatine bones or nearly meet, in the base of the skull, and 

their long axes are transverse ; no transverse bone ; the pterygoids 
are not connected with the quadrate bone. 

5. Typhlopidfs. 
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All the Snakes j^ossess a scaly epidermic investment, which 
is* usually shed in one piece, and reproduced at dc^finite inter- 
vals, As a general rule these scales are flat, and overlap one 
another ; but sometimes, as in jicroehordus^ f hey b(;coine 
more tubercle-Iikc, and do not overlap. In the liutllcsnakes 
( C ratal us) the body is tei-minated by several loosely* con joined 
rings of horny matter, which consist of the iriodiliod epidermis 
of tlie end of the tail. 

The derm does not b*ev‘onic ossified in the Ophldia, 

The numlKn* of tlic voriidmc in the Snak(\s is always con- 
.3ideral>le, and in soiru? cases becomes very great, amoanting 
to more than f<.)iir Imndred in some of the largi'. Pythons. The 
spinal column is divisible only into caialal and precaudal re- 
gions, as tliere is no sacrum, nor any distinction l)etvvecn cer- 
vical, dorsal, and lumbar vertebne. Tlie atlas and the odon- 
toid vertebra ar (3 similar to those of tlu* l izards, and the atlas 
is th() only precaudal vertdmi which is dcjvoid of ribs. The 
contra liavo luairly lunnispherical articular surfaces, and thus 
diflcr from those of ordinary JjarartlUa^ wliile the superadded 
arlicnlar pioc(?s,S(*s found only in certain Lizards attain «a great 
deve]o])inent in fhe Snakes. The zygapojdiyses arc broad 
and flattened, and flie enter surfaces of the anterior pair are 
commonly proloiigod into a process, d'hc anterior surface of 


7t.S. 



Fw. tl. — Aiitorior and postoHor vK'ws of tho dorsal vertebra of a Python : z. zye'Oftpheno; 
r/., zyjrantruni; p. z,^ pivzz'fapophysC's ; pL postg-yj^apopliyst^s ; A transv'erae 
processes. 

the arcli above neural canal is pn.>dnc(*d into u strong 
wedgeeshaped zygosphene, whicli fits into a corresponding 
zygan train of the next preceding vertebra ; and, on the pos- 
terior surface of the arch, there is a zygantrurn for the zygen 
sphene of the next preceding vertebra. (Fig. 71.) 
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The transverse processes are short and tuberolo-like, and 
the heads of the ribs which articulate with them arc simple. 
Each rib usually gives ofi‘ a short upward process at a little 
distauce from its liead ; it is curved, usually hollow, and ter- 
miiuitos, inferiorly, in a cartilage which is always free, no 
trace of a sternum existing. Strong destxmding processes are 
given otr from the undersides of many of the prcsacrai verte- 
bra?. Ill tlio caudal region, elongated ti-ansvorse processes 
take tlie place of the ribs, (.'licvron-bones, like those of the 
Liicertllia^ do not exist, but the caudal vertebra? possess bifur- 
cated descending processes, wliich bear similar relations to 
tlie caudal v(’ss(ds. 

Tlie skull differs from the ordinary Lticertilian cranium in 
the following points : 

1. Tliat vertical elevation and lateral compression of the 
presphcnoidal region, which give rise to the interorbital sep- 
tum, are wanling; the lioor of the cranium being nearly Hat, 
and tlie verlical heiglit of its cavity diminishing gradually in 
front, so that it remains spacious between the eyes, and in tlic 
frontal region gencraJIy. The pcriblic region is not produced 
into [larotic processes. 

2. The bound ary- walls of the front half of tlie cranial cav- 
ity are as well ossilknl as those of its ]?ostcrior moiety, and the 
bones which (’OMStituto the brain-case are iirmly united to- 
gether. 

3., On the other liand, the nasal seganeut is less complete- 
ly ossified, and may be movalilc. The prenmxillm arc usually 
represented by a single small bone, whicli very rarely bears 
teeth. It is connecttMl with the maxilhe only by fibrous tissue. 

4. TIh? palatine bones never unite directly with the vomer, 
or with the base? of the skull, but llicy are usually connected 
with the maxilhe by transverse lioiies ; and, by the pteiygoids, 
with the mobile quadrate bones. Hence the connection of tlie 
palato-inaxillary apparatus with the other bones of the skull is 
always less close in Ophldla than in 'Laceidllla^ and some- 
times it is exceedingly lax. 

5. The two rami of the mandible are unilcal at the sym- 
phj^sis only by ligarm^ntons fibres, Avliieh are often extremely 
elastic, 

6. Tlie hyoidean apparatus is very rudimentary, consisting 
only of a pair of cartilaginous filaments, which are united to- 
gether ill front, and lie parallel with one another beneath the 
trachea. They have no connection with the skull. 

These are the most apparent differences between the 
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Ophidian and the Lac(5i‘tilian skull. But there arc others, of 
n. less obvious but more remarkable ohara(;ter, by ^v]Jich the 
skulls of the Ophidian depart not only from that of the Liz- 
ard, but from that of otlier VeHehrata, Tims the basi-vS])he- 
noid passes in front of the sdla turcica^ into a great rostrum, 
which extends ibrward to the ethmoidal region, and probably 
results from a parasphenoidal ossification. In many adult 



Fig. 7*2. — The pkuU of a Pytlion. viewr-d fi-oin the left and lu longitudinal section: 
sh«]»o.s; 77, turhinul hone. 


Ophidia two cartilaginous rods lie in grooves on 1 he upper 
facte of this rostrum, and pass behind into the basisplumoid, 
while in front they arc continued into the cartilaginons ethmoi- 
dal scj)tuni. These rods are WxQdrahtcalm cranu of the feet us, 
wliich do not bcMarme united in Snakc's, as thety do in all the 
other abranchiate Vtrtehrata, The roof and side-walls of the 
Ophidian skull are completed in front of the occipital soganenl, 
by two pairs of bones, which appear to be parietals and front- 
als. The “frcmtal” bones not only completely wall in the 
sides of the frontal region, but extend inward below^, and meet 
in the middlci Ijncs above the liasisplienoidal rostrum and the 
persistent trabeeulm. The “ parietals ” nnile sulurally wdtli 
the basisplienoid. Tiieso relations are not usual in true froiit- 
als or parietals (thougli the latter unite with tlie liasisphenoid 
in Chelonia^ and the frontals unite? in the middle line of the 
floor of the skull in some Mammals); and as tlierc are only 
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t wo boilcs in the place of four in this region of the skull, it 
becomes a rnattcT for inquiry whether the two l)oncs, on eacli 
side, respectively represent orbitosphenoids + fronials, and 
alisjilieiioids -f- parielaLs ; or whether they represent over- 
grown fj’mitals and parietals only ; or Avlicther, lastly, they arc 
the result of an excessive development of the orbitosphenoids 
find alisphenoids, true frontals and parietals being absent, 
AiTCording to Rathlvo’s elaborate investigation into the devel- 
o[)iueMt of the skull in Coluber nai/rix^ the two bones on each 
side arc foirincd from single centres of ossification, Avhicli ap- 
pear in patclics of “ cartilage,” which are situated, at first, in 
the supmo lateral regions of the skull, in iho place normally 
occupied by orbitospljoiiuids and alisphenoids, and that these 
grow up and meet in the middle line. In tliis case the bones 
in question ar<' orbitosjdienoids and alisj)hcnoids, and Ophidia 
have iio true frontals or ])ari(dals; but the existence of so 
rmnarkalde a dcndalioii from tlic ordinary consirucflon of the 
vertebrate sknll cannot be admitted imlil tlio developiiient of 
ilie Snake’s skull lias been carefully ret ‘xarni tied. 

The Ophidia usually ])ossess Avoll-dcvclojied post-frontals, 
and tliey have large mianbranc-bones in front of the orbit, 
which lie upon the (‘artilaginous nasal chambers, and are or- 
dinarily regarded as lachrymals. Large nasals lie upon tlio 
upper surface of fhc nasal capsule between the lachrymals; 
and, forming tiic Ihior of the front part of the nasal chamber, 
on each side, is a large concavo-convex bone (27, Fig. 72), 
which extent is from the ctlimoidfd sej^tum to the maxilla, pro- 
tects tlie nasal gland, and is coiiiinonly teianed a turbinal, 
though, if it be a .meuibraued^one, it does not truly correspond 
witli the turbinals of the higher Vertvhrata. Tlic squamosals 
arc usually well develoyied. 'riuu’c is no jugal, or quadrate- 

jugi'V 

T'hougli ihe genma] conrorination of the skull in the Ophid^ 
ia is that which lins now been described, it presenis remark- 
able moditications in diflVacnt members of the order, especially 
in the form and disposition of the bones of the jaws. In the 
great majority of the Ophidia^ the elongated palatine bones 
have theur long axt^s longitudinal, lit? on the outer sides of the 
internal nasal aptwtiut's, and do not cnior into th(3 formation 
of the posterior boundaries of tliose apertures. Eacli is coii- 
iiecied by a transverse bone witli the maxilla, which lies at the 
side of the oral cavity ; and the pterygoids diverge posteriorly 
toward the quadrate bones, with which they are connected by 
ligament-s. 
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But’ in the remarkable ^roup of the Typhlopldm^ the slcn- 
(ler palatine bones meet upon the base of the skull in the mid- 
dle line, and are directed transversely, in sucli a* manner as 
to bound the posterior nasjd apertures beliind, as in the J3atra- 
chla, 'Jliere is no transverse bone. The pterygoids lie par- 
allel Nvith one another iui<ler the base of the skull, and arc not 
connected Avith tlui quadrate bones. The maxilla? are short 
plates of botic Avhich are connected with tlic outer (extremities 
of the palatine bone>s, and are diivx-ked oUiquely toward the 
middle line of the oral caviiy, into Aviiich tkeir free edges, 
armed witli tcAotli, depend. 

Again, tlio first-montionod, or typical, form of Ophidian 
skull exhibits two exlnerne modifKeations, between whiceh lie 
all intermediate gradations. At tlici one end of the scale are 


the non-yenoinous Snakes, and especially Python and Toy'trix 
(Ayhich belong to tlic dit ision Aylyphodontlo) ; at tln^ other 
the poisonous Siiakc^s, and espt‘cially (Jrot(dns (SoleMOfflypIna), 
• Thus, Pifthon (Figs. 7.^ and 73) has well-marked pi-ernaxilla?, 
large maxillary boin^s, palatine bones 


which are iirrnly uiiito*! Av itli the [)tery- ^ 
golds, and trausv'ersi? bones whieli bind | 
the maxiilaries and palato-pterygoid I 
bars into one solid frariK^work. j 

The maxiilaries give attaolimont to y 
a long series of recurved tooth, whievh 
are not very unequal in siz('?. And Py- | 
than (like ihrtrix^ but unlike all other | 
Ophldla) poss(>ss(?s teeth in the prcanax- S 
ilhe. 

The squamosal bones arc very Jong, 
and adliere t() the skull, upon whicli 
tliey are slightly moveable, only by ilicir 
anterior cncls ; and the qua.<lrate bones [ 
arc borne upon the posterior ends of 
the s(|aamosals, and are thus, as it Avere, | 
thrust aAvay from the walls of the skull. 
The rami of the mandible are loosely 
connected by an (dastic syinphysial liga- 
ment. Tims, not only can these rand 
be widely separated from one another, ^ 
but the squamosal and (piadrate bones 
constitute a kind of jointed lever, the 
straightening of Avhich permits of the 
separation of the mandibles from the 



Fin. 7S. — Under- view of thfi 
I«ft. half of the skull and 
cial bonea of Py Wait. 
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base of the skull. And all these arrangements, taken together, 
allow of that immense distention of the throat which is requh 
site foj' tlic passage of the large and undivided l^roy of the 
scrjxait. 

In Tortrh'^ this mechanism does nc^t exist, tlic sliort quad- 
rate bone being directly articnhited ^vith the skull, while the 
scjuatnosal, like the post-frontal, is rudiineritaiy. The maxillary 
]>ones are also almost fixed to the skull. 

In tlie Ihitilesnakes ( Orotalus^ Fig*. 71), the premaxilhe 
are very small and tcHOthless. Tlic maxillary bone has no 
longer the form an elongated liar, but is short, subcylindri- 
eal, and liollow ; its (‘avity lodges tluj fossa formed liy the in- 
tegument in front of the eye, which is sti conspicuous in these, 
and sundry other, poisonous Snakes, The iqiper and inner 
part of the maxilla articulates wi(h a pulley -like surface fur- 
nished to it by tin; lachrymal, so that th<> maxilla plays freely 
Iiackward and forward upon tha t bone. The lachrymal, again, 
has a certain amount of motion upon tlic frontal. '^ITie upper 
edge of th{‘ ])osterior wall of the maxilla is articulated by a 
hinge-like joint ^yitil the anterior eud of the transverse bone, 
wliich has tlie form of an oxtixanely elongated and llattencd 
bar connected posU^riorly with the pterygoid. 



Kio. 74.—A, the skull of Crotahis^ viewed from the left side; B, a transyerso section taken 
at the point /f, in FJj-. A, showing- the persistent curtilaglnous trabeculje. The - max- 
illa is supposed to bo ti’ansparent, and the anterior hulf of the palatine bone Is seen 
throuirh it. 
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Tine latter is long* and stout, and, as usual, is united, be- 
liind, Avith the distal end of the quadrate bone. In front of, 
and iiitf.'rnal to, its union with the transv’'ersc it is prolonged 
forward, an<l becoiiics united, by a movable joint, witli the 
sliort ])aJatine bone, whieh is llatlimed from side to side, 
and lies on tlie outer side of the posterior nasal aperture. Its 
anterior end is connected only ])y fibrous tissue with tlie base 
of the skull. The inferior edge of the palatine bears a few 
small teol h, and other sharp, i-(M*urved, solid te(dh are aitaehed 
to the under-surface of the anterior moiety of the pterygoid. 

When the inoulh is slnit, the axis of the quadrate bone 
is inclined downward and backwarvl. The pterygoid, throAvn 
as far back as it can go, straiglitcais the pterygo-j[»alatui(.' joint, 
and cans(is the axes of the palatine and pterygeid bones to 
coincide. The transverse, also carried back by Ihe ptenygoid, 
vsiinilarly pulls the posterior part of the maxilla, and causes 
its proper palatine to wltieli the groat clKmiKdled poison- 
fangs ani attached, to look backwjird. Hence tlieso fangs lie 
along the roof of tl ic inoutli, conet ‘a led betwt'en folds of tlio 
mucous niembraiK'. Ihit, wlitai the anii])al opens its mouth 
for the purpose of striking its prey, th<‘ digasiritt rniiselt', pull- 
ing up the angle of tlic inandil)le, at the same time tlirnsts 
tin; distal end of the qnadrat(> bone forward. Tins necessitates 
the pushing forward of tliti pterygoid, the result of which is 
twofold: tirslly, the bending of the pteryg(>]:>alaiine joint; 
secondly, tlie partial rotation of the maxillary upon its lachry- 
mal joint, the hinder edge of the maxillary being t luaust down- 
ward and forward. In virtue of this ndalioii of the maxillary, 
through about a quarter of a circh', tlu^ (lentigcrous face of the 
maxilla looks doAvnward, and even a little forward, instead of 
backward, and the fangs arc; enacted into a vertical position. 
The snake “ strikes : ” by the siiviullancous contraction of the 
eroiapliitc muscle, ])art of whic’li cxtmjds over tlic t>oison- 
glaiul, the poison is iirjeet(;d into the wound through the canal 
of the fang; and, this being withdrawn, the inoulh is sliut, all 
the previous movements art^ reversed, and the parts return to 
tlieir first position. 

No Ofihidiaii possesses any trace of antcriia' extremities, 
but the TyiMojyldw^ the Pythons, Boas, and Tortriccs^ have 
nidiments of a pelvis, and tlie latter Snakes even possess very 
short representatives of hind-limbs terminated by (daws. 

The teeth of the Ophidia are short and conical, and be- 
come anchylosed to the bones hy which they are supported. 
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They may bo developed in the premaxillancs, maxillarics, 
palatirK^s, pterygoids, and the dentary ]necc of the Tnandible, 
but their preseueo in the jn'emaxillaries is exceptiona]. In 
UtopcUlfi and some other genera, tbore arc no ])alatine teeth; 
and in the ogg-cating Afriean snake, llachiodon^ tlie teeth 
are siriall and rudimentary ii])on all th(j bones ivhieh usually 
bear th(nn. J?ut the inferior spines of eight or nine of the 
anterior vcrtcl>nt> arc long, and tipped, at their apicics, Avith a 
dense cnainel-like substance. These project through the 
dorsal wall of the (eso]>hagus into its cavity, and tin? eggs, 
winch are swalhnxed whol(‘, arc thus }>roken in a position in 
which all tlicir eoidamts must rK^cessarily be saved. 

Tn majority of the lion-venomous Snakes the t(.^eth are 
sinijdy coni(*al, hut in tho olliors, and in all the poisonous 
Snakes, some of the maxillary t<‘eth (which aie usually longer 
than the resi ) bectona^ grooved in front. In ilie 
or Ah’pers and Itatt Icsiiakes, the maxillary teeth are reduced 
to t.wo or thr(M‘ long fangs, the gToovc in ihe front of Avliich 
is converted into a canal o])en. at. each end, hy the meeting of 
its edges. Tiio teeth of tljc Snakes are r(?placcd by others 
Avdiich are developed close? to the basejs of the old ones. 

Ophidla are not known in the? fossil state b(?foi*c tlio older 
tertiarics, 

V. Tlie IcMTiiYosAUjiTA. — In its general form Ichthyo- 
satints prt^srmts a good deal of reseniblance to a Cetacean. 
'Tlie head is enormous, and passes at once into the trunk, so 
that th(iro is no more appearance of a neck tlian in a Porpoise, 
and the l)ody tn])eis off behind, inu(;h as Avould liappcn in the 
latter a.nimrcl Aver<? It d<?void of a caudal fin. Tiulccd, there is 
some reJLson to susp('ct that the tail of yo.s'a//r/^»s"^may 

ha\"e been jirovided Avith a sort of hndiko expansion of the 
integument. Tliis llsh-likc body Avas propelled, like that of 
tlio l^leslomunis^ by four paddl<;s ; but the anterior paddles 
were placcal close behind the head, and Averc, generally, very 
much hunger tlnui the posterior ones. 



Fio. 75 .— A restoration of Idithyomw*iis. The existence of the caadal fin Se donbt/Vil 
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The spinal column is only distino-uisticd into two regions, 
caudal and proeaudal, inasmucrh as the ribs, beginning at the 
anterior part of tlie neck, are coritiniuxl, without Ixnng con- 
nected with the sternum, to tlie posterior end of the body ; 
and tlierc is no sacrum. The caudai region, however, is dis- 



Fio. 76. — parts of fho of Tchn»f/offm(r7i.H ‘fuiarmcfliuf!, drawn to tfeo same 

eciijc!. A, tho sknll: ]>, tbo foro-liml>: //, liiniu*rus; h\ ra<liiis: If, ulJia; r. i. v.. m«!l- 
alft, lnt<>rnio(lium, ulnjirc; oarjmlia; 1, 2, 8, 4, r», di^rils ; ■m.r. 77i.n. ra<!iiil and ulnar 
mar»nTial ossicldt?.*— C, ii dorsal vritolu a, with llic ribs {R) and vontnil ossKioations 
T>. Iho hind-limb: A; fomur; T, tibia; JP'h, filmla; A tildalo, intermodhim, 
nbulare; Ts, tarsalia; '3ft, rnotatarsalia; jihalnrifrts ; m, ih, tibitil inarjrhuil oesldos. 

. — E, the pectoral arch, seen from the vxiitral side ; F, the same asiK'etol tho x>elvic arciL 
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thiii^uishcd by the clicvron-boncs wbicb are attached beneath 
its vertebne. 'Ilic vert(d.)ra? of Irhfhyosaiiria in general have 
certain cbai‘Mcters by wliich they diiler from those of all other 
Vertehrata, (Fig. T6, C.) Not only" are tin? centra liaitcned 
disks, very much Inoader and liiglicrthan they arc long, and 
(ieejdy biconc.ave ((aiunuttstances in wdiieli tlH*y resemble the 
vcrtcbi’je of some Laln riuthodonts and Fishes), but the only 
transv^erse processes they possess arc tnbt^rcnles, dev^eloped 
fi‘om the sides (if these centra; and the neural arches arc 
connected Avith two Hat surfaces, one on each side of the 
middle line of the u[)|Kir surface of the vertebric, by mere 
s^mcliond roses. Idie uciiral arches tlicmsclves are forked 
bones, with only rudiments of zygapo})hvscs, and in the 
greater part of the body do not become articu]at(‘d with one 
another at all. 

In the cervical ri'gion, if one may call neck ” the most 
anterior part of the; vertebral column, the front part of tlie 
lateral suiia/’o of encli vertedjra ]) resents two separate clcva- 
tiems, or articular surfaces, Avhich are at first situated in the 
upp(*rhalfof I he laleral surfaxa^ Tow ard the ])osteri(^r half 
of th(‘ dorsal iv'gion they de\scend, and, gradually approacliing 
one anotlier, coah^scre^ int<3 one in tlie*. caudal vert<;bra?. The; 
form of tb(‘ proximal ends of tlie ribs corresponds Avith the 
arrangement of ih(‘.se tul>erch;s; for, Avhere they are separate, 
tlu; ])roxiinal end of the rib is forked. The lower fork, or 
capitulum, go(;s to the capitular, or loAver, tubercle, and the 
upjxn* branch, or tulienailum, to the upper, or tubercular, 
elevation, lil the caudal r(*gioji, Avhere tlie articular surface 
is single, tin; proximal end of the rib is also undividcMl. In 
the caudal region the rilis arc short and straight, Init in the 
prccaudal rcygion they an; stout and curved, and much longer 
in the niiddh; tlian at cither end of the series. The atlas and 
axis rc'sernble t he olluvr vavrtebne in their gom/ral form: but a 
AA"edg(>sliap(;(l bone is, as it were, let in between their ojAposed 
lower edges ; and a simihir lame, atta(*hed to the undm-part 
of the concave face; of tin; centrum of the atlas, serves to com- 
plete tin; Clip for tin; o<x*ipitai coud \ 1(\ 

The skull of JrhtJijfosaiirm (Fig. 'll), A) is remarkable for 
tlic great elongalioii and tapia ing hnm of llie snout, the huge 
orbits, the great su])ra-temporal f »ssm, and the closing over of 
the infra-ternporal fossa; by jilat es of bone. Again, tlie two 
rami of tlie mandible are united in a syniphj-sis, which, for 
length, is copiparalile to that observed in the modern Ga vials 
and in the ancient Teleosaurla. Tlie basi-occipital bone fur* 
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aislios the round articular con<l 3 de to the first vc^rtebra, and 
becomi^s very stout and thick in front. It appears to have 
been anchylosed neither with the basis[)heiioi(l nor with the 
basi-ooeipltak ddie lattei* bones are adapted to its sides, and, 
together witli the sapra-occ;i|)itaI, \vdii(;h is iiit(n-])osed between 
them above, circiiinscribe the occipital foramen. ddie basi- 
sphenoid, a deep and stout bone, is produced iu fi*oMt into a 
long ami slender parasplumoiiial rostrum. There do not ap- 
pear to have been any ossified alis 2 >lunioids. The ])ari(da.ls n;- 
main separate throughout life ; and, iu some species, not 
meredy present a giaaib purit?tal foramen close t() the coronal 
suture, but are com])letoly divided by a nuMiia.u lissure. Ossi- 
fied presjiheuoids and orbitospheuoids n[>]>(^{ir to have beini 
altogether absent, and the frontal bom^s lire ixdatividy small. 
Tlie {)ro<3tic bones are, as usual, situated in b-ont of the ex-oc> 
cii^itals, and between tlie latter a.ud them there may sometimes 
be discerned a conical bone with a broad basi*, which apptairs 
to be fittcvl in between the (3X-oeoipital and the i-iroj^tic. If 
this bone W('ro not so largo, it might wed I bo regarded as a 
stapes, but it is jir^sslhhj that, as (Juviei* suggests, it answers 
to the separate o{)i8tliotic of the Clielonhi, 

In the naso-prcmaxillary S(g»anent, tine nasal bones, con- 
tinuing the dire{*tion of the frontals, attain (jonsiderable size, 
but the premaxllhe make up by far the. gtxaiter part of the 
snout. The iniixilhe are reduced, as iu birds, to o(.>mpara.tively 
small and slender rod-like bonCvS, boun<ling only a fraction of 
the gape. The vonu;rs an^ elongatctl, and situated in tlio 
middle lino on the underside of the snout.. 

The nostrils arc small ajiertures close to th(^ orbits, 
bounded by the nasal, lachrymal, and ])romaxillary bones. 

On eacdi side of the frontal there is a largt? pi efrontal, 
which jiasses back al^ov^e to meet tlie post-lVoiital, and thus 
bound the orbit. Below, the maxilla, is connected with a 
jugal. From the post-frontal to the juga,l, the ]>ost.erior mar- 
gin of the orbit is constituted by a distinct, curved, postorl)!- 
tal bone (B^ig. 7G, A, Pt, (}). A broad and ilat qmulrato-jugal 
( ^.y.) passes from the end of the jug’al to the lower end of the 
quadrate, and cov(n\s in the lower and posterior part of tlie 
infra-temporal fossa. The spa<N; betwiam tliis bone, the post- 
orbital, the post-frontal ami the squamosal, is occufiietl by 
another flattened bone (Fig, 70, A, wliicli Cinder calls 
the temporal, but which does not a 2 ^}>ear to liave any precise 
homologue among other Jleptllla, The squamosal bone is 
very large and stout, and forms tlic posiero-external angle of 
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the skull. From this point it sends a process forward to meet 
the posi-frontal, inward to imite with the parietal, iiiid down- 
\va]*d to become (connected with the pterygoid. A strong and 
stout quadrate bone is coiuiooted with the exterior of the 
skull, and pr(^s(;nts a pullcy-likc surface to the articular 
of the mandible. 

On tbe under-surface of the slvull the long and slender 
palatine bones are seen, bounding the posterior narcs, which 
are situated far forwank Behind, and separated hy an inter- 
val trtiv'erscd by the rostnini of the basisphenoid bone, the 
very large pterygoids commence, by slender and pointed ends, 
which lie on the inner si<le of the palatine bones at the level 
of the posterior narc'S. They thmi widen, and passing back- 
ward with a sliglit outward curvature, on each side of the 
sphenoidal rostrum, end in tlnec })roe()sses — oru^ which con- 
nects itself wiih the basisjdienoid, another passes out, ward and 
backward to the quadrate, while the thiid runs up\vard to the 
squamosal b( me. 

'The lower jaw is (.‘(miposed of tv^'o rami, which unite, 
anteriorly, in a very long .symph)-sis. Each ramus is com- 
posed of tlie normal six pierces, tlic splcnial being remarkably 
long, and entering ext<msively into the sympliysis. 

We have no V(ny clear knowledge of the slrueturo of tlie 
hyoideaii apparatus in tliis nq)tile. 

TJie pectoral arch (Fig-. 7(], E) consists, upon each side, of 
a narrow scapula (>SV.), having* the direction usual in iMcer- 
tiling and a broad coracoid ((7e.),the inner edge of which does 
not overlap its fellow, but meets it throughout in the middle 
line, as in PlciilosairrtM * so that, in this genus also, tlie rhom- 
l)oidal ])art of tlic sternum appears to have been al)sent or 
very small. 

But then^ is a vivry distinct T-sliaped iiitendaviele (Z (7/.), 
tlie backward ]>rolongation of which Ls recadved between the 
anterior emds of the coracoids, while its liorizont al bar is very 
closely uniteil witli tin; iinu-r cm Is of two stout cnrvxal clav- 
icles { (7/.), the outer extremities of which abut against, and 
are no less closely connecied with, the .upper part of the an- 
terior edge of eacli scapula. This arrangement of the clav- 
icles and interclaviclc presents interesting conditions inter- 
mediate between those observed in j\^othOrH<mntSy on the one 
hand, and those common in Hie ParertiUa^ on the other. 

Thc 3 scapula and coracoid give rise by their junction to a 
glenoidal cavity, into wdiieh the thick head of the very short 
prismatic humerus (Fig. 70, B, II) is received, llie distal 
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end of the luuncrus presents two facets, wliieli artieulfite with 
a couple of sliort flattened polygonal bon(‘s, which represent 
the radius and the idna ( /^, Uj, To these sueexHHi two rows 
of smaller polygonal ossicles in tlie place of a carpus : three, 
representing the rcidufle^ uUiyDnedhatf^ and via arc (r. L 
lie in the proximal row, and three or iVuir carpaila {C/\) in 
the distal row. With the distal <*arpal bones arcj connected, 
by moans of tlio metacarpal ossicles (A/c, ), longiludinal series 
of very numerous polygonal bones, adaj^ted together by their 
odg(*s, and becoming gradually smaller toward tla? distal ex- 
tremity of each series. Tlic number of c<nnplele serif's does 
not exceed five, ami may Ik? reduced to three- — so that the 
paddle may be pentadactyle, tetradact \ h', (w iridactyle. An 
apparent niultiplication of the nuinbi'r of digits aris(*s from 
twK) causes: First, the occasional bifurcation of some of the 
digits ; secondly, the superaddition of aiarfjhial hones to tlie 
radial and to the ulnar edges of the luanus (?>?.?/., There 

is thus formed a paddle, whicli is unlike eith('r that of a Ce- 
tacean, or that of a l^lesiosaf/rns, or that of a Turlle- — depart- 
ing move than any of these structures from th(‘ ordinary form 
of vert (‘bra to limb. 

. There is no trace of raiy st(?rnuni Ix'hind the pectoral arcli, 
but tlie abdominal walls were strengalnaied by a number of 
trans^'crso ai*(;ua.<ed boiu'S, similar to tlioso obsm'ved in the 
Plesiosauria^ thougli not so st?*ong. hla<*li is composed of a 
median piece ith [lointcd ends, and of soni<* tlirce, or more, 
lateral piecfcs, ovcrlap[)ing (xicli fithec’s ends, on each side. 
(Fig. 76, C, yjx) ‘ 

The pelvis (Fig, 70, F) is not connected by liono with tlie 
vert(?l)ral column. It i;onsists of an ilium (7/.), an ischium 
(jTs’.), and a pubis (-/^^.), uniting togidher to form an ucetabu- 
liiin, while the pubis and ischium of eacli f-idi? ine(‘t in the mid- 
dle line. The rschium is a narrow and almost rod like bone, the 
pubis is somewhat broader, especially at its sympliysial end. 

Tlie liind-linib (Fig. 76, D) has substantially the same 
structure as the fore-limb, Init is always smalh'r, and generally 
of much less size. 

The only other bony structure appi*rliuning to lehthyosaii- 
riis that need be noticed, is a circle of plates (hivclojied in the 
sclerotic of the enormous eye, which is frequently met with in 
a verj^ loerfect state of preseiwatiou. 

* I leave open the question whether these series of nuiririnal ossielcs are 
remains of tlie digits of a x>ob'dactyle manus, such as exists in tlie Elasnio* 
branch fishes. 
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It vs possIl>le that the Ichthyosaxiria occur in the Trias ; 
they nboiHul in the Lias and in other rocks of Mesozoic date, 
lip t'>, and includiair, tlio Chalk. 

Sonu? attriiu g-igantic diinensions, and many species hare 
been fonndotl by tlie diderenees in form aiifl projiortion of the 
body and of t,1ui teetli ; Ijiit no one form is sulHeiently diHercnt 
from tlio rest to justify its sopariition as a distinct g-enns. 
Tliey may ])o roughly g*ri)n|)ed into sucb as have rtdjitiyely 
short snouts and short paddles, with four carpalla (/. inter-- 
medlus^ eiyrmminis^ etc.) ; and such as liave longer snouts, long 
paddles, and three carpalia (T. longirostrls^ teniuirostris^ 
lyodon). 

VI. The (hiOCODiLi^. — Croc^odilcs, the highest liying Hep- 
are Laccrdlian in form, with long tails and four well-de- 
veloped limbs, the ant(n*ior pair iK^lng die shorter, and pos- 
sessing fiva'i eom[>lot(i digits, while th(^ bind-feet are four- toed. 
With a single exception, the living' specie's laive nails on tlie 
three preaxial (radial and tibial) digits, so that two digits are 
without nails on the fore-foot, and one on tlie hiiid-friot. The 
feet arc wclibed, but the deg’rec to which the web is developed 
varies greatly. The nostrils are situated at tinj end of the 
long snout, and can bo closed. The tympanic membranes are 
exposed, but a. cutaneous valvag or (jarlid, lies aliove each, and 
can be shut down ov(‘r it. All are partially a<|uatic in habit, 
and some (the Gavials) are comphitidy so. None of the exist- 
ing gimera are marine, tlioug;h many aiicieut Crocodllla inhab- 
ited the sea. 

The dei-mal armor is composed of scutes (^ovaa'ed by epi- 
dermic scahis of conx'sponding hjrm. Wli(*n tlie armor is 
com[)h*t(‘ — as in (Jalnian. and Jacare alone among existing 
(Jrovodf lla., in Teleosrrurus and Stnyonolepis among extiiii^t 
forms — it consists of traasyi*rse rows of quadrate bony jilates, 
disposetl so as to form a distinct dorsal and ventral shield, 
separated liy soft intt'gumcmt, in the trunk, but united into 
continuous rings on tlie tail, Tlie scutes of the same row are 
united sutural ly ; those of eacli row overlap their successors, 
which presmit smooth fiicels to receive their under-surfaces. 
In existing (JroeodUia^ in the extinct (Jrocodllus Jla^dinr/skej 
and in Stayonokpis^ eacli ventral sente consists of two pieces, 
a small anterior and a large posterior, united by a suture. 
The scutes always exhibit a pitted scul|)iure, and those of the 
dorsal region arc ridged longitudinally, while tlio ventral 
scales are always flat. More or fewer dorsal scutes exist in 
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all crocodiles, and those upon the neck sometimes lV)rin dis- 
tinct ‘Miuchal” and “cervical” groups, distinct ironi tlie dor' 
sal shield. Tlio dorsal s<mtcs do not always overlap, and tlio 
ventral scales nr (3 absent, or incompleiely ossified, in most ex- 
isting* Crocodi U (i. 

In these rc^ptiles the vertebral eolumn is ahvays Ihoronghly 
ossifa;;d, and marked onl into distijjct dorsal, lumbar, 

sacral, aiid cniidal regions. Tlie number oC the ]>r(;s{ici*al ver- 
tebjTO is twcnty-lbnr; that of I lie saci*al, two, in all t he recent 
forms, and })robably in the extinct genera also. The miinber 
of the caudal vertobrie varh's, but is not h ss than f hirtydivc. 
The number of the cervical, doi sal, and lumbar vertebrte varies ; 
but there are usually nine of the first, eleven or twelve of the 
second, and four, or thr(‘e, of the third (icscri[)i ion. 

In existing Crocodilfa all tiui vertehne, except the alias 
and axis, the two sacrals, and the first caudal, arc proccelous. 
The inajoritv of the pre'Crctaceous CrocodiHa have'- fht' eorro 
sponding verti‘l>rai am])l)ica‘lons, tin? concavdh's of tlu? contra 
being very shallow. Oiu) genus, which is 

pcrliaps Crocodilian, has the anterior V(‘rtcbrie o|)istho(j(;eious. 
It is characteristic the (Jro(X^(Hllif^ that flu; centra of the 
vertebrae are united l)y ilbro-cartilagc-s, and IhaL tlie nourociai- 
triil sutures })crsist for a long lime, or llirongJiouf: life. 

The alias is composed of four ])i(‘(!cs, an up})er median 
piece — wliich is soiiunimes divided into two, and is dtw tdoped 
in membrane apart from the rest — being added to the tlin'e 
pieces found in JMxrtUui and Chclonia, A largo odontoid 
bone is closely imited to, but not anchylosed with, tin^ anterior 
Hat liice of the second vertebra. A pair of elongated, single- 
lieaded ribs are at I ached to the inferior [)iccc of the atlas, and 
anotlaa* similar ]>air to the os odontoiilum and to the sec’iond 
vertelira, by distinct ca])itular and tubercular pro(Uiss(3S. TIkj 
other cervical vertobne all possess ribs w ith distinct and long 
capitula and tiibcrcula — the latter attac-licd a])ovo the ncniro- 
central suture to the nemal arch, the former to the centrum 
helow the iieurocentral suture. The body of each cervierd 
rib, after the second, and as far as the seventh or eighth, is 
short, and prolonged in front of, as well as behind, the junction 
of the capitiihim with the tuberculum ; and tln^ several ribs 
He nearly parallel with the vertebral column, and ovfn lap omi 
another. The ribs of the eighth and ninth cervical vertebrae 
are longer, and take on more the cliaracter of tlie dorsal ribs, 
the ninth having a tcniunal cartilage. 

The points to which tlic capitula and tnbcrcnla of the ribs 
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arc aihicbed are raised into tubercles ; and, by degrees, these 
become elongated into distinct capitular and tubercular pro- 
cesses, between wliich^ in the third to tbe ninth vertebra?, tbe 
neurocentral suture pass<>s. Butin tbe tenth and in 1 be elev- 
enth vertcbric, the capitular |)r<K'ess, which lies, nearer tlie 
neurocontral suture in the posteric^r than in the anterior cervi- 
cal vertebra?, rises upon the body of the vertebra to the level 
of the neuroccntral satnre, by which it is traversc?d, and the 
tubercular process becomes longxu' than it* (Sec Fig. 5, p. 19.) 
The tm iniiial earl iiage is united witli liie sternum by a sternal 
rib, winch may b(?como iiiore or less complelely converted into 
a cartlhigc-bone, and is articulated with the verlcl^ral rib. 

In tlie tweirth vertebra a sudden change in the character 
of the transverse processes takes place. There is no longer a 
capitular, distinct from a tubercular, process, l>ut one long 
“ transverse process ” takes the })lacc of l)(>lh. A sort of stc^p 
in the bas(? of this process l)oars th(' cap>itulum of the rib, and 
answers to the capitular j)rocessof the eervicjd vertebra?, while 
the outer end of the process arti(-u!ates wd(h the tubercnlum 
of tlie ril), and represents tin? tubercular jirocess, Tlie neuro- 
central sui ure, in this and the saccceding* dorsal vertebra*, lies 
below the root of the transverse proc(\ss, \\ hich, therefore, is 
wholly a. product of the neural arch. Neither the capitular 
processes, nor that part of the dorsal transverse process which 
represents them, have distinct centres of ossification.* 

In the succeeding dorsal vertebra? the step” of tbe trans- 
verse process gradurdly moves outward, until at length it be- 
comes confounded with the tubercular facet, and a correspond- 
ing change takes place in the proxiuial ends of the ribs, in the 
hiiidermost of which the distinction between ea])itulum and 
tuberculum is lost. 

The liiml)ar verte])ne have long transverse pu'ucesses wliieh 
arise from tin? neural arches, i. e., above the ncun)cenlrai su- 
ture. 

The contra v>f the two sacral vertebra? have Iheir applied 
and finnly-nuited faces ilat, their free faces coucma c ; conse* 
qiiently, tlie first has tlie anterior face concaA C and tlie poste- 
rior flat, Avhile the second has the anterior surface flat and the 
posterior concave. Ka(fli sacral AU?rtebia lias a strong rib ex- 
panded at its distal end ; and Avedged in at its proximal end, 

* Thus, if it 1)0 apart of the definition of a lljat it la anto- 

genoas, there are no parapopliysea in the vi;rt<dn*a' of tlie Orocodilia ; and if it 
bo part of the definition of a “ pampophysia that it ariscij from the centrum, 
the dorsal vertebra? of the Crocodiiia haM> no parapophyses. 
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between rouo'h sutural surfaces furnished by the neural arch 
above and the centrum below. 

The first caudal vertebra is biconve^, but all iiio others are 
procfjelous; those of the anterior inoietjr of the tail have long 
ribs fixed in between the neural arclies and centra, as in the 
sacrum, and becoming anchylosed in that position. Chevron- 
bones arc attached to the postex’ior edo'cs of tlie cciiti*a-of the 
verteljra), except that of the first, and those of the posterior 
part of til e tail. 

From seven to nine of the anterior dorsal ribs are united 
with the sternum by sternal ri1)s, tlie form of which varies a 
good deal in different Cromdilia^ being sonictiuies narrow, 
sometimes broad and flattened. An elongated plate of carti- 
lage, which may be ]):irttally converted into cartilage-bone, is 
attached tt> the luuder margin of several of tlie most anterior 
ribs, abov(J tli(^ junciioii betvv^eeii ilic ossified and the cartilagi- 
nous part of the vertebral rib. (Fig. 5, Idud) Those arc the 
so-called “ uncinate processes,” which also (.exist in JlatteHa^ 
and reappear in Birds. 

The sterinun consisf s of a liiomboidal ]:)]ato of cartilage- 
bone, with tlie posterolati^ral edges <;f wliiiii two pairs of 
sternal ribs articulate. The jHistorior angle of tlie plate is con- 
tinued into a median prolongation, wliich, af- hmgtli, divides 
into two curved divergent coriura. From iivii to seven pairs 
of sternal ri')-? are united with tlie prolongation and its cormui. 
A long and slender intcrclaviclo li(.‘s in a groove of thci middle 
of tlie ventral face of the rhomlioidal part of the sternum. 

In the ventral wall of the abdomen, superficial to the recti 
muscles, lie seven transverse scries of inemfiraiie'bones, which 
are termed abdominal ribs though it must be r(:JColl( 3 Cted 
tliat th(W are quite distinct from true ribs, and rather corre- 
spond with the dtu'mal ossieh^s of the .Labyidailiodonta, Each 
series is compos»nl of four elongated and more or less (curved 
ossicles, pointed at cacli end, and so disposed that inner ends 
of the inner pair meet at an angle, opcm backvvara in the 
middle line, while their outer cuds overlap the inner ends of 
the outer pair. Tin:; most posterior of these ossicles arc? 
stronger than tlie others, and arc closely connected with the 
pubic cartilages. 

In th(i (Crocodilian skull the following are tlie chief pecu- 
liarities which arc wo»*thy of especial notice : 

1. There is an interorbital sei^tum, and tlie prosphenoidal 
and orbitospheuoidal regions remain cartilaginous, or very 
incompletely ossified. 

10 
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Fig. 77.— Loi 3 <rituflinal aiic! vovtloal S('ction of flic liindor part of the skpLlof a Groco<lllo; 

I'lastachiaa tube: r post<Tior naros; l\ pituitary fossa. 

2. All the bones of the skull ((jxeept llie niandiblo, stupes, 
and hyoid) are firmly united l)y sutures, which persist through- 
out life. 

3. TItere arc laige parotic prottesses, J.lotli Ihc upper and 
the lower ttanpond arcades are comp)let<^]y ossified, and formed 
by post-frontal, sqxiaiuosal, jugal, and (juadrato-jugal bones; 
supra-ttnn]')oral, laUTal-temporal, and post-temporal fossm are 
formed, as in tin? Laccrt^'lkfj tiioiigh tlieir relative sizes are 
very differ enl. 

4. The maxillary and the palatine bones develop palatine 
plates, which unite suturally iii the middle line, and sepai’ate 
the nasal passages fi'om the cavity of tlic mouth, as in Mam* 
malm / and in all existing Crocodiles, but not in Teleosaiirus 
or Delodon^ the pterygoids are also modifiixl in the same way 
(as in Mymercophaga, among Mainnijils), so that the ]iostcrior 
nares are situated very far back beneath the base of the skull. 

5. In consequence of the deveiopmemt of these palatine 
plates of the maxillary and palatine liones, the two vomers 
are, in most Crocodiles, invisible upon the undcr-surface of 
the bony roof of the mouth. 
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6. Tliere t^irc larger alisplK'uoids^ but tlio orbitosplienoids 
are absent or nirlimontary. 

7. There is no parietal foramen. 

8. 1'he quadrate bone is very large, and fixed immovably 
to the walls of the skull, as in the Cfiehrnia ; and, as in tlie 
latter, tlic pterygoid bone is lirmly connected Avilii the base 
of tfio skull, and united only with the upper and inner surface 
of the quadrate bone. 

9. The pterygoid sends down a huge frei' j^roeess, against 
the broad outer edge of which the inner sni’faca^ of the mandi- 
ble plays. 

10. The tjnnpanic cavity is cornjdetoly Ijonnded by bone. 
The pi'odtic an<l o|)ist]iolic (which is united with the (‘x-oc- 
eipital) form its inner Avails, the quadrate its outm* AVidl, the 
squamosal and post-frontal its roof, and the quadrate, the basi- 
oodpital, and basisphenoid its lloor. The two tym[)ana are 
])laced in communication wdtii the cavity of the mouth by tlin-e 
canals — one large, opening in the middle line; and two smaller 
ones at the sides, on the base of tlie skull, behind the posterior 
iiares. The largo canal [rasses up betwciai tire basisphenoid 
and basi -occipital, and divides bctwecai those ])on(‘S into a 
right and loft lateral canal. Each lateral canal subdivides 
into an anterior branch, wdrich traverses the Imsisphenoid, and 
a posterior, whicli passes up in tln^ basi-occipital. The 
posterior branch recinvcs Ukj llalTO^v lateral canal of its side 
(Avhich runs vertically up to it), and then opens into tin; 
posterior part of tlie floor of the iyni|)airum. '^fhe anterior 
branch opens into its antcrit>r wall. 

The tympanio (Cavities of einbrA’onic Crocodiles communi- 
cate Avith the mouth by Avidc anil simple apertures, and the 
compli(*ated arrangcnunit of canals just describial results fi'om 
the great downward development of tlie Ijiivsisphenoid and basi- 
occipital, and their encroachinent upon thi^se apertures on the 
inner side, Avhilo the i|uadrate lione narrows them on the outer. 

In adult Croeodllla^ air-passages extend from each tym- 
panum to that of the opposite side, througli the bones Avhic‘li 
form the roof of the posterior region of the skull. On the 
other hand, they excuA^ate the quadrate bone, Avhence the 
air passes through a minxiliranous tube into the IioHova" ar- 
tioular piece of the mandible. The hyoidean apparatus is 
greatly simplified, consisting only of a broad plate of cartilage, 
which may become partially ossified, and of two ossified 
cornua Avhich Are not directly connected with the skull, A 
minute styliforni cartilage, which lies in close proximity with 
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hlic portio dura^ on tlic upper parb of the posterior face of the 
quadrate bone, represents the stylohyal^ or proximal end of 
the hyoideau arch. 

The peetoral areh has no clavicle, and the coracoid has no 
distinct epicoracoidal element, nor any fontanelle. The; carpus 
consists proximally of two elongated and somewhat hour-glass* 
sliapod bones, articnlaled I’cspcctivo^ly witli the radius and the 
uhia. Tlie radial is the larger, and is partially articulated 
witli tlie ulna. lh‘iiind these, and directed transversely, lies 
another curv’'ed ossilicatlon, the upjier concave face of whhdi 
articulates with the ulna. It is united with the latter bom? 
on the one hand, and with the hfbh metacarpal, on the other, 
by strong ligaments, and represeuts a pisiform bone, llistally, 
there lies on tlie ulnar side the so-cnilled lentJeufar bone, an 
<jval ossicle intcr[)Oscd between the ulnar proximal carpal and 
the secomi, third, fourth, and liftli mcdacarpals, the last tliree 
of which it supports altogcth<?r. On tlie I’adial side, a disk 
of cartilagoj, which never b<"Comes completely ossihed, is con- 
n(:‘cted I)y ligament "*vith the lent uud! ire ,, and is interposed 
between the radial proximal l..)one and the licad of the meta- 
car [)al of the pollex. From the ulnar side of the head of this 
bone a cartilaginous ligamentous band |)ro(;eeds, over tlie head 
of the S(ieond metacarpal, to the radial side of tlio lentieulare. 

The tlir(?e radial digits arc much stronger than the two 
ulnar, and ii)o numljers of the phalanges are 2, 3, 4, 4, 3, 
counting iVoin the radial to ilie ulnar side*. 

The pelvis (h'ig. 78, C) possesses large ilia, which are firmly 
united with the (expanded ends of the strong ribs of the sacrum. 
The isehlnm unites w ith its fellow in a median ventral symphysis, 
and, with the ilium, forms almost tlie whole of the acetabulum, 

Tiie pubes l ake iiardly any sliare in tin? formal ion of the 
latter ciivity in the adult. Tlieir ax(?s are dire(?ted forward 
and inward, and they coalesce in the middle line ; but as the 
inner, or mtjdin,n, moiety of each ])ubis remains cartilagimms, 
or imperfectly ossilied, tin", bones, in imperfectly prepanxl 
skeletons, appear as if they formed no symphysis. 

The tarsus presents, proximfdly, an astragalo-navicular 
bone and a (?al(5aneuin, wliicli are less closely united than in 
the Lizards. Tin? latte-r bone lias a large ordcaneal process on 
its posterior face, the Crocodile being the only Sauropsid verte- 
brate in which such a process is developed (Fig, 78, C. Ga.), 

Two rounded distal tarsal bones, of wliicli the fibular is 
much the larger, lie between tiie caloaneum and the third, 
fourth, and rudinpmtary fifth, metatarsals, A thin plate of 
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cartilag'e is interposed between the distal end of the astragalo- 
navicular and the second metatarsal, and unites with the head 
of the first metataj’sah 

As in the maims, the three, pre-axial, (flawed, digits are 
stronger tlian the others. The tilth is represented only an 
imjierfeet metalarsah The numbers of tlie ])hjilaj)gc‘s are 

3, 4, 4, counting from tiie tiliial to the tibular side. 

In the Orococlilta the teeth are confined to the preinaxilJa?, 
maxillm, and dentary part of the mandible. Tln^y arc simjilo 
in structure, have larg<? pulp-(;avdties, are lodged in distinct 
alveoli, and are rc[>laeed by others develoj>cd upon their inner 
sides. The devolopTiiont of the new tooth causes absorption 
of the inner wall of the base of the old one, and the rephn'ing 
tooth tlius comes to lie witliin the pulp-cavity of its predeces- 
sor. The teetl) vary much in shape, having eitlj{‘r long, curved, 
and acut<?, or short and olduse, or almost globular and straight, 
crowns. Very often they |)Oss<‘ss sharp anterior and posterior 
edg(?s, which may fiutdy serrated. 

The CrofodUia are to bo found iji the rivers of all con- 
tinents and the hu*g('r islands in the hotlcrr parts of the worhl. 
None of the existing spc^cies are truly marine, though many 
of tlie cxiinct species were. They ai e fiist knoAvn to occur in 
strata of Triassio age, and aI)oimd, under forms whieh ditlcr 
but little from some of tliosc which now exist, in the Mesozoic 
^nd Caiiiozoic formations. 

Tliey may be divided into the folloNving grony)S : 

A. With pro(,*ailou3 |)rosn<*ral vcrti^brjc, and ]>ostcn()r Dares b»)uiidcd 
below by tlie pterygoirls. (All existing CVooxAY/Vr, and tlie fossil 
forms of cr<‘tacoous and later formations, are ineludi^d in this division.) 

a. The nasals enter into the formation of tlie nasal apej ture. 

The head short and broad. The bn-th very nnetpial ; Iho fu’st 
and fourth of the mandibles biting into pits of the upper 
jaw. Tlie premaxillo-maxillary suture straight or convex 
I'orward. Tiio mandibular symi>hysis not extending b«‘yond 
the fitih tooth, and the .splonial el(U7U'nt not entering into it. 
'JMic cervical seutes di.stinct from the tergal. 

1. Alliptdoridcr^. 

AUlf/ator. Cdiman, jnearr, 

h. The bead longer. The tooth unotjual. The first mandibular 
tootli biting into a fossa ; tlio fourth, into a groove, at the 
side of llic upper jaw. Tlie ])renui>:illo-niaxillary suture 
straiglit or convex backward. Tlie Tuandilnilar .symphysis 
not extending beyond the eighth tooth, and not involving 
the pplenial elements. Tlie cervical scutes sometimes dis- 
tinct from the tergal, sometimes united with them. 

2. CrocodiUdai. 

Crocodihis, Mecistops. 
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b. The nasals are exchidofl from the external nasal apertnro. The head 
very long; the teeth snboqual. Both tlie hist and the fourth 
rnaiidibnlar teeth bite into grooves in the margin of the upper jaw. 
The proinaxillo-maxillary suture acutely angulated backward. The 
mandilndar symphysis extends to at least the fourteenth tooth, and 
the sfilenials cuter into it. The cervical and tergal scutes Ibiiu a 
continuous scries. 

I>. GavittIhUv. 

Jx/u/itchosuGuis. (ffd'udls. 

B. With the presacral vertebne arnphicadous (the anterior vertebrOB 
soinetirncs opisthoceelous ('*) ); and the posterior mires bounded by 
the palatines, the pterygoids not being united below. (All these 
Crocodiles are extinct and pre-eretaceouH.) 

a. With the external narcs torujiiial. 

4 . TG^'omuridw. 

TiUmaitrus. Go)f fophol/s. 

8ircj}foKp(md(/hj.'i. 8Uuj<ruolrph, Oalesaurns (?). 

b. With the (‘xternal nares on the U]>per part of the base of the snout 

iK'ar tli(‘ orbits. 

Ti. Ikiodoididir., 

Jjdodon. 

Thertris M large) iiniiiberof extinef lieidllla wliicli resemble 
tlie Crocodilla in tlie characters of their pre-sacral vertebra?, 
bnt (lilfer from tln'in, and resemble Jj((ceiiilla Vhelonia^ or 
Birds, in otlier res])(‘cts. 

These are ilie J)l<‘i/)i(xlontla^ the OrnithomeUday and the 
Pteromuria, 

VIL The Djcvnodoxtia. — jJlcynodon and Ondenodon 
are lacortiform aniniaks, sometimes of large size, with crocodil- 
ian vertebra^ four or live of Avliich are ancliylosed together to 
lV)rm a strong sacrum, Tlie skull is massive and lacertilian in 
most of its characters; but the jaws are like those of the 
Chclonia^ and were doubtless cased in a liorny beak. Never- 
theless, most of the sj)ecies possess two gveat tusks, whicli 
grow from ]ierslsleni pulps, lodged in a deep alveolus of eitlier 
maxilla, '^^fho limbs appear to liave bec'ii snberpial and massive, 
with short and stout feet. The scapula and coracoid are 
simple and expandt'd, and there seems to have been no clav- 
icle. The jielvis is very strong, with widely-expanded ilia, 
ischia, and pubes. Tlie two hitler meet in a median ventral 
symphysis, and tlio })nl)is and ischium of each side meet and 
obliterate the obturator ibramen. . The limlj-bones are lacer- 
tilian in cliaj-acter. 

Hemains of these Beptilos have hitlicito been found only 
in strata, which probably belong to th.e Triassic formation, in 
India and South Africa, and the Ural Mountains. 
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?i«. 'iS. — The pelvis and hin<T-limb of, A., Dromtrus: TJ., an ornithoscelld reptile, siieh as 
IfjuanodotL, or Hijpi^Uopkodon.: htuI (!., a Crocodile. 'J’ho hirtrs fiinl) is in its iiatiinil 
position, as is that of the OrnithostjcUd, thoujjh thtj inetaUirsus of the latter inay not, in 
nature, have been so nuieh raisetl. 'I’he. Crocodile’s limb is piiri^osely represented in an 
nnnatnra) position. In nature, the femur would be turned out nearly at riyht nnjiflos to 
the irtiddle veri i<’al plane of the bo<ly, and the metatarsus would bo horizon hil. The letters 
are the same throughout, ll^ iliiiiii; In, ischium; Vb^ piihis; <(., anterior process. />, 
posterior ])rocess.’of the i!i inn ; 7/*, inner trochanter of tlie feiiuir; tibia; libula; 
As, astrnt;alus; Ca, culcancuin., //., 7//., /K, the ili',dts. 


YIII. The Orxithoscelioa. — The very reinMrkjible extinct 
reptiles whicJi constitute this group, present a largo scries of 
modifications intermediate in structure between existing Jtep* 
tilia and 
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TJiis transitional character of the Ornithoscelidan skeleton 
is most marked in the pelvis and hind-limbs. 

If the pelvis of any existing reptile be compared with that 
of any existing bird, the IVdlowiiig points of dilferenco will be 
observed : 

1. Ill the reptile (Fig. 78, C.)? ilium is not prolonged 
in front of the acetabulum; and the acetabulum is cither 
wholly closed by bone, or presents only a modei*ate-sized 
fonlaiielle, as in the Crococltlia, 

In the bird (Fig\ 78, A.), the ilium is greatly prolonged in 
front of the acelabnlum, aiul the roof of the acetabular cavity 
is a wide arch, tlie inner wall of that cavity remaining mem- 
branous. The anterior pier of the an-h, or pra>acelabular pro- 
cess, extends fartlier downward than ihe posterior pier, or 
j ) o s t-a ce tabular pro ( ‘ e s s. 

But, in all tlio OrtthhoHcelld^i^ Iho ilium extends far in 
front of the acetabulam, and furiiislu's only a widely-archedroof 
to that cavdty, as in ]>irds. It retains a reptilian character in 
the further proporii^mal extension of the post-acetabular pro- 
cess downward (Fig\ 78, Ik), 

52. The isciiium, in tlie reptile (Fig. 78, C.), is a moderately 
elongated bone, wliich becoinos conn(‘ciod with the pubis in 
the acetabulum, and extends downward, inward,and somewhat 
backward, to unite with its fellow in a median ventral •sym- 
physis. The obturator space is not interrupted by any for- 
ward process of tlie oulcr and anterior half of tlie isidiium. 

In all birds (Fig. 78, A.), the ischium is elongated and in- 
clined backward, llie backward direction being least marked 
in jVpteryx^ and most in llhca, Tlic ischia never come to- 
gether direclly in a median ventral syinjiliysis, though they 
unite dorsally In 2lhm>, The anterior edge of the external, or 
acetabular, half of the ischium very generally sends olf a pro- 
cess which uniU*s Avith tlie puLus, thus dividing the obturator 
space. 

In all tlie Ormthoscellda (Fig. 78, B.), in which I have 
been able to identify tlie bone {^Idnicodmitosauriis^ Tcrato- 
saurus^ ^Icfjalosaurncs^ lyuanodon^ l2^t.enopelipi\ ILidroscmriis^ 
llyi^sllopliodori)^ the ischium is greatly elongated. In Ljuari- 
odon it has the ohtnrator ]>rocess characteristic of the same 
bone in Birds ; and I imagine that the same? process is seen in 
CompsofpiatJms, In ITy psilophod(m thm'e can be no mistake 
about the matter, and the remarkable slenderness and prolon- 
gation of the ischium give it a wonderfully ornithic character. 
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In Iguanodon tlie slenderness and prolongaiion are e\ eri car- 
ried bej'ond Avhat ani to be seen in Birds. I am disposed to 
think, however, that, as was certainly ihe case in Jly^miopho- 
don^ the ischia iinitod in a median ventral symphj^sis in all the 
Orrrithoseelida, 

3. In all reptiles the j>nbis is inclined forward, as well as 
downward, towanrtlie ventral median line. In all, except the 
Crocodile, it takes a considerable share in the formation of tlie 
acetabnlnin ; and the ossified pubis unites directly w ith its 
fellow in the middle liiu^. 

Tlie pubes of (Jonipsognat/ius an', nnrorlnnn t(?]y, obscured 
by the femora. They seem to liave been very slender ; and to 
Iiavc been directed forward and downward, like those of I;iz- 
anls. Sonu^ lizards, in hict, ha\ o imbes which, it the animal were 
fossilized in the same position as Compsof/nat/rf/s^ would be very 
similar in form and direction. Ilyp^^Uopliodim^ however, affords 
unequivocal evhhmctis of a fuillier step toward the bird. TIjo 
pubes arc not only as slcndcw and elonq^ated as in tlie most 
typteal bird, but "they are directed downward and backward 
[larallcl with the ischia, thus Icavinc' only a verj' narrow and 
elongated obturator foramen, whicli is divid(‘d by the obtura- 
tor ] irocess. 

It remains to lie seen liow far the ]iypsilo|>]io(lont modi- 
fication extended ainon^ the Ornitlios<:di(k(, The remains of 
ConvpsoynatlniH and of Stenopelyx tinid to sliow that it. was 
by no means univc'rsal. 

As to the hind-limb, in existing reptiles — 

1. The proximal end of the tibia Las bnt a ycry small, or 
([uite rudimcnlary, cnemial crest, and it presents no ridge for 
the fibula on its outer side. 

2. The flMt lened sides of tla^ disfal end of tlie li}>ia look, 
llu'. one directly forward, or forward and inward; and the 
other baclvAvard, or backward and outward. Ami wIh'U tlic 
posterior edges of the two condyles of the ])roximal end of the 
tibia rest on a fiat surface which looks forward, iiic long axis 
of the distjd end is oitlier nearly parallel with that surface, or 
Is inclined obli(|uely from in IVont and without, backward and 
inward. 

3. Tlifac is no diqircssion on the anleiior face of the tibia 
fi>r the rece])tion of an ascending ]>rocess of the asiragalns. 

4. The distal end of the iilmhi is as large as, or larger than, 
the proximal end, and articulates largely with a facet on the 
Duter part of the astragalus. 

5. The astragalus is not depressed and flattened from above 
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.Townward, nor does it send* a process upward in front of tho 
tibia. 

f). Tlio astrag-alus remains quite free from the tibia. 

Ill all these respects, tho leg* of any existing bird (see 
Fig. 7S) is very strikingJy contrasted with that of the 
re [) tile : 

1. Tlie ]n*oxinial end of the tibia is produced forward and 
outward into an enormous cnemial crest, in all Widking and 
swimming binis (Fig. 78, A.) ; and, on the outer side, there 
is a strong ridge for tho fibula. 

2. When tlie posterior eilg(:‘S of tho condyles of the tibia 
rest upon a ilat surfaces, the: one flat face of ihci distal end of 
the? l)one haiks out ward as well as forward, and tlie other in- 
ward as W(dl as liackward. Further, the long axis of the dis- 
tal (eid is inelincd, at an angle of 4.*)'“’ to the flat surface, from 
vvi(!un and in front, backward and outwaid, thus (exactly re- 
versing the direction in tlie rejitile. 

ti. There is a deep longitudinal depression on the antei’ior 
face of the distal end of f^ie tibia, which receives an ascondino* 

'll ^ ■ o 

pro(.*<.\ss ot file asfragahis. 

4, Tiio dista l end <jf th(‘ fibida is a mm'C style, and does not 
articulate with the astragalus. 

5. The aslragMlus is a nnich -depressed bone, with a eoncavo 
proximal, and a convex, piilley-likrg distal, surface, A process 
asetmds from ifs front margin in the groove on the front face 
of the tibia. This process is comparatively sliort, and perfo- 
rated by two canals for the tibialis anticus and extensor com- 
niunls^ in tlie Fowl ; while in the Ostrich and Emeu it is ex- 
tremely long and not so perforated. 

{). 'Fhe astrag*alus becomes anchylosed with the tibia 
(dn.)agh it remains distinct for a long time in tlie Ostrich and 
and in some bnunls of fowls). 

In the Orri.i those cllda : 

L Tliero is a great cnemial crest and a ridge for the fibula. 

2. Tiie dis]):)sition of the distal end of the tibia is literally 
that obsm’ved in the l>i rd. 

3. Tlim e is a fossa IVn- tho reci'ption of the ascending pro- 
cess of the astragahis. 

4. llio distal end of tlic iibnla is much smaller than the 
proximal, tliough not so sleiKhn* as in Aves, 

5. The astragalus is altogether similar to that of a bird, 
with a sliort ascciidiug proi^ess. 

G. The astragalus appears to liave remained distinct from 
the tibia throughout life in Iguanodon^ Megalosaurus. and 
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many other genera ; but it seems to have become anchylosed 
iu epm/psognathuB^ Onilthotarsm^ and MmJcelosauriis. 

Tlie reptiles belonging to lliis gronj) are for the most part 
of very large size, arid some of them, as the Iguanodon^ are 
among the largest of known tinrestrial animals. They oc- 
cur tliioiiiTliout tlie ^vliole nnii^o ol tlic Mesozoic formatioiis, 
being represented by lyiecfHhmtosaiiriis^ J^thmsaurus^ Tcra- 
tosaiir'iL'i^ I^atiiosaurfis^ iu\(\ other genera in the Trias; by 
^cedklosaunis in tlie Ijiris; by Megiilosaiirus^ l\yikilopletir<>n^ 
J^Juskelosaurufi^ Jlglaomiirifs^ l\darantJmi<^ jican thojdtoUs^ 
Iguduodon^ JladroHauvifti^ Traciiodon^ and Jjaclaps in the 
middle and upper Mesozoic strata. 

Tliere is no evidenee that j\feg<dosaurN}i^ or Jgiumodon^ 
possessed any dermal armor; but several genera (e. g\, ^celi- 
dosmirns^ iJgkyoHfrura!^^ and ji(y(yitho2?holi8) had o»sseoiis 
dermal s^aites, scinietimes ]>rodue<Ml into ])rodigi<.)hs sjiincs. 

The fa<;es of the centra of the vcrttdjrie are slightly am- 
phicceloiis, or nearly Hat ; but those of the anterior dorsal and 
cervical ri^gions S(.‘em, in some eases, to hav<* been opisthoece- 
Ions. H'Jkj sa(Tum .s(.*cms lo have coiisist<'(l of at fewest four 
vertebriC, which in some {Srelldofitnirus) are c'i'ocodilian, in 
others (3frg{/los(fti'nffi) take on a somewJiat ornithic c}iara<?ter. 
The caudal r(‘gion had many and long v(‘rt(d)ra', Ixdween 
wliicli the ch(‘\ron-l)on<ts ar<; attac lKMl. Tlie rami of the olicv- 
ron-l)on(?s ]iav(^ their v(‘rt(d)ral tmds. united by lione. 

The thoracic vcrtcdiral ribs are very strong; but the sternal 
ribs and sternum are unknown, llowevc'r, tliere is some rea- 
son to think tliat tlie sternum was broad and cxj>anded. Ab- 
dominal dermal ribs are developed in some species, if not 
in all. 

The structure of llio skull seems to liave biarn Jiiterinodiate, 
iu many respects, lietweim tlie crocodili in and the lacertilian 
types. ]n tgnanodon and Trgpsilophodon^ the extremities of 
the jn'emaxillie ajipear to have been edentulous and beak-like ; 
and the symphysis of the mandible is excavated to receive the 
beak, almost as iu the mandible of a Parrot. 

T’ho teolli vary extremed y, from the sliarp, recurved, ser- 
rated tangs of M<:p(d<mrurtii<^ to the liroad grinders, wearing 
down by mutual attrition, of Tguanodon, Tlu*ir mode of im- 
plantation varies, but they^ are not anchylosed to the jaws. 

The sca])ula is vortical 1\^ elongateil, narrow, and devoid of 
any acromial proi^ess ; the coracoid rounded and without fou- 
tanelles or processes. 
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No Ornithoscelidan is known to have possessed a clavicle. 

Tlio fore-limb is shorter, and often much shorter, than 
the hind-limb. Hie structure of the inanus is not certainly 
known, 

Tlje femur usually has a strong iniuu* trochanter; and its 
distal end is particularly bird-like, in the development of a 
sfrong ridge, which plays between the tibia and the fibula. 

The inetfitarsals are eloiig;atcd, and lit together in such a 
way tliat they can hardly, if at all, move on one anof her. The 
inner and outer digits are either shorter than the rest, or quite 
rudimentary ; and the third digit is Iho longest, as in birds in 
general. 

The Or'tiltJtosrdlda are divisildc into two sub-orders, the 
Dhiosai(ria and iho CompsofpiatJia. Tlie lype of ilic latter 
division is the wondejCul little extinct reptile, Compsogiici- 
which dilfcrs from the JMnomurla in tlie great length 
of the contra of the cervical y(a-lebrie, and in tlie feninr being 
shorter tlian the fibia. It lias a light bird-like head (provided 
with nil nicro us teeth), a very long neck, small anterior limbs, 
and very long posterior limbs. The astiagalus appears to 
have been aricliylosed with the tibia, ns in birds, A single 
specimen only ot tliis reptile has been obtained, in the Solen- 
hofen slates. 

IX. The Ptkuosauria. — Tlu^ flying lu'ptiles, which lM‘lor»g 
to tills gTOu}), and are commonly known as Pterodactyls, are, 
and long have been, extinct, their remains occurring oidy in 
Mesozoic rocks, from the Lias to the Chalk inclusively. 

They are all remarkable for their jn oportionally long heads 
and necks, ami for the great size of the anterior limb, the 
ulnar ting(‘r of which, enormously (‘longated and devoid of a 
claw, appears to ha\ e supported tin; outer (‘dge of an ex])aii- 
sion of the integiuncnt, like the patagium of a Bat (Pig. 79), 

The v<wt<d)ral column is distim^tiy divided into ccivical, 
dorsal, sacral, and caudal n'gions, the cerviiad vertebne being, 
as in Birds, the stoutest of all. The atlas and axis are ancliv- 
losed together, at least in the creiaceons spei*ies. Tlie other 
cervical vertebra', apparently not inoie tliaii six or seven in 
number, have low, or ol>.solel(', spinous jirocessos ; ami, like 
the vertebrae of the rest of liie sjiim', are procodoiis, and 
have the neuro-central suture oliliterated. Tho existence of 
cervical ribs is doubtful. From fourtecai to sixteen vertebrae 
intervene between the cervical ami the sacral regions ; and 
not more than one or two of the hindermost of them, if any, 
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nre devoid of ribs. The number of vertebrse anchylosed 
togetlier to form the sacrum, is not fewer than three, nor more 
than six. 



PiQ. 7»i.__Tbo noiirly onf.iro skoloton of Pferodaef f/lua spcr.ttihi.1Ls (Von MeVi^r), as sJiowi 
by Uk* two lifilvfs of a blook of lithographic blate. (f, tho left prc-pubic bono 

on the right side tills bone Is not shown, and the ilioiu is exposed. 


Tlie tail is very sliorb in l^terodaf:ti;lus^ and, in this i^oiius, 
all tho vortebne art^ iiiovablc upon one another; hwtiw llhcun- 
phorhynchits^ it is extremely lona^ and vertebrm artj 

immovably lixccl by what appear to be ossilied ligamentous 
hbres. 

The vertebral ribs arc slender, and the anierior ones, at 
any rate, have distinct capitula and tiibcrcula. There are 
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ossified slcrTial ribs, and splint-llke abdominal ribs* Tlic 
steriuan is broad, and, lailike tliat of other JxcptUia^ is very 
completely ossified, and bears a strong' median crest on the 
anterior part of its ventral surface. Ko median jiostcrior pro- 
longation lias been observed in connection with it. 

ddic brain-ease is more rounded and bird-like than in the 
otlier JtcptUla^ and, in many other respecis, the skull 'ap- 
proaehc'S that of birds. Tims, ilie occipital cond^de is on the 
base of the skull, not on its posterior lace; the cranial bones 
anebylosed very early; tlic orbits are very largo, and the ex- 
ternal nares arc sitiiatc^d close to them. Tlic premaxilla^ are 
very hirgi', the inaxilhe slender, and the denlaiy pieces of tlie 
mandible are fused t^igether into one bony mass, without any 
trac'o of a symphysial suture, 

Tlie resemblance to birds is still further increased, in some 
species, liy the ]yresenceof wide laohry mo-nasal fossae between 
the orbits and the nasal cavities, and by the prolongulion of 
llio extremities of the preinaxilla; and of the sj'mjihysiid part 
of the mandible into sharp, beak-like processes, %vliic]i appear 
to liavo been eover<‘d with lioriiy sheaths. But tlie reptilian 
ly 7 )e is kept nf) by tlic ]>rescnceofa distinct })ostdrontal, which 
imites with the squamosal and thus gives rise to a supra- 
temporal fossa. Tlie post-frontal and the jngal unite behind 
tlie or])it, in Lacertiliari fashion; and lioth tlic upper and the 
lower jaws contain teeth. The schn-otii; is supported by a ring 
of Ixnics, as in many other iSiUiropslda, 

The scapula and the coracoid are wliolly unlike these 
structures in any otli(*r y^auropaulaj but are extremely similar 
to the same? parts in birds, and indeed to th{3 shoulder-girdle 
of the l<?ss re|)tilian (Jif/rhuitfr, Tlie scapula, is slender and 
Idade-like, and its h.mg axis is inclined, at Jess than a right 
angle, to that of the coracoid. The glmioidal surface? is cylin- 
droidal, concave from above downward, convex fiom side to 
side. Tlie coracoid, (dongalial and coinpara lively narrow, is 
dovi;>id of fontanellc, ej)icorac(»id, or procorat*oid. 

No trace of any clavicle has been discovered. 

The Inmieriis has a great deltoid ridge or process. The 
radius and ulna are equal in size and separate. dTere are 
four distiiH‘t metaearpal bones, lliat on the ulnar side being 
very inucli stronger, thongli not Jongrr, than IIk; otiiers. An- 
other stylifonn bone atlaclied to the carpus does not appear 
to have belonged to tlie metacarpal series, Tiie radial meta- 
carpal bears two phalanges ; the second, tliree ; the third, four, 
so that these represent the pollex and the succeeding digits 
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of the Lizard’s maims. The tcimiiial phalanx of each of these 
digits is strong and curved, and was doubtless ensheatlHid in 
a horny claw. The fourth, like the corresponding digit in the 
Crocodile, has four phalanges, the last of which is straiglit and 
bears no nail, lint th<?se phalanges are enormously elongated 
and of great relative strength. A strong process projects from 
the dorsal side of the proximal end of tiie first plialanx, and 
doubtless gave attaclmK'ut to the tendon of a eorn’spondingly 
powei'ful extensor muscle, 'i'he articular siirfacc bidow and 
Ixdiind it is concave, and iilays over the convex distal pulley 
of the tburlli metacarpal. 

The pelvis is rcniarkably small. Tlic ilia are (dongated 
bones, produced both anteriorly and postei ioj*1y, as in Birds ; 
but tlie rest of the pedvis is not at all ornitliic. ddn? flat and 
broad ischia appear to be united with the pubes into, wide 
bony plates, wdiicli ]^ass, at right anglers with the ilia, to their 
median v<;ntral sympliysis. A large spatulate ]:)one articulates 
witli each pubis near the symphysis, and s(‘onus to be an exag- 
ger<‘il ion of tin.; pre-])ubic proc(‘ss of Jj((r(yrtUia and (Jh(^onhK 
(.)r it may bo (though I do not think this very probable) that 
the broad flat plates correspond almost altoget her to thcischia, 
and tint the spaliilatc ossiheations iivQ the piibe.^ ; in winch 
case the structure of the jxdvis would 1)0 a soi’t oi' extreme ex- 
aggeration of that (>l).servod in tlie Vrocod'tlUt, 

The hinddirnb is small (‘ompar(al w ith the forediud). The 
fi])ula is iinperfoct, and appears to coalesce w itli iIkj tibia at 
its distal eiid. The structure of the tarsus requin^s further 
elucidation. In sonic IHerosaiiria there seem to bo only four 
digits, witl), pej])aj)s, a rudiment of a fifth, in the pes ; but 
othc^rs, such as l\hamph<j^df i/hcJms liave li\'e digits 

in the toot. Where there are only IViur, each digit is terini- 
nated ])y a curved ami pointed nngnal jdialanx, and the num- 
ber of the phalanges from the tibial to the libnlar side is 2, 3, 
4, o. These digits, tlnaefon', are the lirillux, and tljo tlireo which 
immediately follow^ it ; and the rudimentary digit is the 
fi fth. 

The loUj^ '^cjries of the l^erosaiiyla luivt; thin walls, ciielos- 
iiig a large cavity, w hich appears to have*, contained air, as in 
many birds ; and pmmmatic foramina are visil)](? on iJiv sidc?s 
of th(^. vert(4)ra*. 

'J4ie r(.‘mains of more than twamty species of PleromnHa 
have been discovei ed. Some of them are exquisitely preserved 
in the fine matrix of the lithographic stone of Solenliofen. 

They arc thus grouped into genera : 
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A. Wir/li two joints in the ulnar digit of the mauiis. 

OrnUkoptc'i'Vbs. 

B. AV'idi four joints in the ulnar digit. 

a. The jaws strong, pointed, and toothed to their anterior ex- 

tremities. The tail ver}' short. The metacarpus usually 
longer than half the length of the antebrachium. 

1 ijcrodacitfhut. 

b. The extremities of the jaws produced mto toothless beaks, 

probably enshcathed in horn. The tail very long. The meta- 
carpus sliorter than half the length of the antebrachium. 
a. All iho mandibular teeth similar. 
lihamphorhyiuhiis, 

h. The posterior teeth for the most part very short. The 
anterior long. 

Dhnorphodon, 

I am much inclined to suspect that the fossil upon vvliicli 
the srenus OrnUhoptterus has been founded, appertains to a true 

BirtL 



CHAPTER VL 


THE CLASSIFICATION ANT) THE OSTEOLOGY OF LIRDS. 

The class Aves. — Though this ('hvwss contains a great 
number of specific forms, liic striictural modifications wliicli 
they present are of comparatively litth; importance; any two 
birds which can be selected difiTering' from one another far Jess 
Ilian the extreme types of the LacertUia^ and harrlly more 
than the extreme forms of the (Jhehrida^ do. Ilemx^ tiie char- 
acters by. wdu(^h tiic following groups arc^ s(^parat(‘d appear 
almost insignificant when compared with those by v\’liich the 
divisions of the arc indicatiab 

A. The inotacarpals not aiiclivlo.socl togalicr. Tho tail lon.i^c'r than the 

body, 

I. — Saukuii,^. 

1 . A rchwopk‘rji(iida\ 

B. The inotaoarpal^ anchylotX'd logetbor. The t.ail considerably sliortcr 

than the body. 

4. The sternum devoid of a kocl. 

1 T, — lLvriT/15. 

a. The ^ving with a rudiinoiitarv, or very short, humerus and 
with not more than one ungual phalatix. 

a. A hallux. 

2. Apicry^lihr (1’hc Kiwis). 

/3. No hallux. 

S. JdlnorriUMdfp. (The Moas). 

4. Cany arid fe (The Cassowaries). 
h. The wing with a long humerus and with two ungual 
pliJilangcs. 

a. The ischia uniting inunediately beneath the sacrum, 
and the j)ubcs free. 

f>. Jihddxe (Tlif* American Ostriches). 

^J’he Lscdiia free and the pubes uniting in a ventral 
syrnpli 3 'sis. 

0. SlnUhionidcc (The Ostriches). 

B. The sternum provided witli a keel.* 


* The keel is rudimentary in the singular Parrot Sirigoptt, 
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III. — (Jakinata:. 

a. The voinor broad behind, nod interposing between the 
.pterygoids, the palatines, and the basiie.pheiioidal rostrum 
(Ih'omccognafhw . ) 

7. Tinantomorph^s Tiiianious). 
h The vonior narrow behind ; the pterygoids and palatines 
articulating largely with the basisphonoidal rostrum. 

a. The inaxillo-palatiiies tree.* 
j. Tlie vomer ]>ointed in front. 

{Schf.^rHftic'ihtr,') 

S. Chavadrioinorplicr. (The IMovers). 

9. CecoraorpJuc (The thills). 

10. Spherri^rtnnorpha VJ^hi^. Penguins). 

11. UarmiomorpJne (The Cranes). 

12. U'nriih wiorpJut; (The Ifeinipods). 

lo. (The Fowls). 

M. PkrfKloinorpjhw (1’lio Fand-groiise). 

15, l\:riiitt‘ro}n<r}ph(v (The Ih'geons), 

10 . llderomorplun {"VXm llouzin). 
ii. The voinca* tnine;itcd in (Vont. 

( uEglUtogrt ailup . ) 

17 . Cm'ixcofnorp/uc ('fhe rassorines). 

18. (7t/pitch}horp/t<r (The Swirts). 

19. Oitoniorpha; (Tln^ AVh)odpcck(.Ts). 

)3. The Maxillo-pulalines united. 

( Dmri offn ath oi . ) 

20. (The Birds of Prey). 

21. J*tii(((U:<fUior]dt((> (1’lie Parrels). 

22. Coccifgomorphcv (The Cuckoos, Kiiig- 

fi s j) ers, Trogon s ). 

29. ChcnornorplHt (Tlie Anserine Birds). 

21, Anrphhnorph(t (The Flamingoes). 

25. Ei largo niorplifp (The Storks). 

20. DjfKporoniorphw (Tlie Corrnoi ants).f 

* With tlic exo(‘.y:)tion of DicholopJius and some species of Crax, 
t The subjoiiK'd Tiilde-, wljieh sliows with whieli of tlui al*ovc groups the 
old orders of Birds eorn-spoiid, may be useful t o t he student : 

/. — Aci'ariTKKs 1 

or A . . - AtioinorphiV, 

Raptouks ) 

JL — ScAxsonna --J^llfacoinoip/ttv^ Coccggorno'rp/icb (in part). 

j Coracomot'jduv.^ Ot/pseloitiorjduyf,, Celeamor’' 
1 pdut^ Coccg*jonwip)Im (in part). 

IV, — Gallijtje (with CoLX\\iB.fj) RrUterrmiorplm^^ Pterodo^ 

morpho'^ Tiit'Nlchnorph<je, 

F, — OURSOKKS ..... 

VL — C5IIALL.E =zCharcuinomoipJia.^ Gemnomorjdicc^ Amplii- 

moip/uv^ lUargotnorphoe. 

VII , — PAuairEnEs .... ^Ctcymorpfnp^ Eph:7>hcomorp7i€B,^ Okenomor* 

vlKCy Dp^porof/iorphai, 


III. — Passe RKS ) 

or t • ' 

Ijs-skssokes ) 
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The exoskel(?ton of Birds consists almost entirely of epi- 
dermic structures in the form of horny sheaths, scales, plates, 
or feathers. No bird possesses dermal ossifications, unless tlie 
spurs which arc dt5velo[)ed upon the leg's and wings of some 
species may bo regarded as such. 

The feathers are of various kinds. Those which exhibit 
the most complicaicd 8tni(*tnre arc called pcanm^ or contour 
feathers^ because tUoy lie on tlie surface and determine the 
contour of tlu? body. In every penna the following i^arts are 
to bo distinguishcxl : A main sb^m ft.)rniing the axis 

of the feiitljer, and divided into a i)roxinial lu)llow cylinder, 
partly imbedded in a sac of tlio derm, called tlie calanim^ or 
quill; and a distal i^e.rlUfmi^OT vane, consisting of a four-sided 
solid shaft, the rachls^ which extends to thcj extremity of the 
featfier, and bears a iimnber of latend processes, the barbs. 
The calamus has an inferior aperture (^anibllicus uif er lor) ^\\\to 
which the vascular ])al}) penetrates; and a sn[)erior aperture 
{^uynhillcus superior) situaied on tiic^ imdcr-surfaco of tlie 
feather at the junction of the calamus with the s(ai|>us. The 
barbs are narrow plates, tapering to points at their free ends, 
and atttiched 1)y tlicir bases on each sid(j of the racdus. The 
edges of these barbs are clii'cctcd upward aud downward, 
when the vexllluui of the f ‘ather is liorizontal. The inter- 
stice's between the barbs arc iilled n]> by tlie barhulcs; pointed 
processes, whicli stand in the same relation to tiu) barbs, as 
tlie barbs do to tlie racliis. The barbuh's themselves ma,y be 
laterally serrated and teriiiifiated l>y little liooks, which inter- 
lock with the liordvs of the opposial barbules. In very many 
birds each quill l)eai\s two vexilla; Hie second, calied the 
aftershaft {h]/porachis) being attached on the under side of 
the first close to the superior umbilicus. Tlie aftersbaft is 
generally much smaller tliau the cliicf vexillinn ; but in some 
birds, as tlie Oasuaruhe^ the t,wo are of etjual size, or nearly 
so. Muscles pass from the adjaccnit integuintmt to tlie feather 
sac, and by their con traction erect tlie ftni the r. The otlier 
kinds of featliers diilcr from Hie penna?, in having the barbs 
soft aud free bom one another, -when they constitute penno- 
pliiynm^ or lyhumih.c (down), according as the soapus is much 
or little developed. Wlien the scapus is very" the 

vexillmn veiy small or rudimeMtary, the feather is tenned a 
filophuna. 

The contour feathers are distributed evenly over the body 
only in a few birds, as the llatlPje^ tlie Ikmguiiis, and some 
others. Generally, the pennm (ire arranged in delinitely cir- 
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cumscribod patches or bands, between whicli the integument 
is either bare, or covered only with down. These scries of 
contour feathers are termed and their interspaces, 

apteria. 

In some birds, such as the Herons, plumuhe of a peculiar 
kind, the siunmits of which break off into a fine dust, or pow- 
der, us fast as th(^y are formed, arc dev^eloped upon ceftain 
portions of tlic integuinent, wliich arc torriied powder down 
patches. 

The integumout of birds is, for tlic most part, devoid of 
glands; but many birds have a peculiar sebaceous gland 
developed in the integument which covm‘S the coccyx. This 
uropipjial (/land secretes an oily fluid, wliicli the bird spreads 
over its feathers ]>y the operation of preening,” The excre- 
tion passes out by one or two apertures, cominouly situated 
upon an e1(3vation, wliich may or may not be provided with a 
special circlet of feathers. 

In various birds (e. g., the Turkey) the iu tegument about 
the head and neck develops highly-vascular and sometimes 
erectile iiroeesses [cornhs^ 'wattles). 

The spinal column of birds contains numerous and well- 
ossilied vertebne, a considerable number of wliich (more than 
six) are ancliylosed together to form a sacrum. Of the verte- 
bra which enter into the composition of tins complex bone, 
liowever, not more than from three to five can be regarded as 
the homologues of the sacral vertebrm of a Crocodilian or 
Lacertilian re|>tile. The rest arc borrowed, in front, from the 
lumbar and dorsal regions ; behind, from the tail. Tlie cervi- 
cal region of tlic spine is always long, and its vertebra?, which 
arc never f(?wer than eight, and may bo as many as twenty- 
three, are, for the most l>art, large in proportion to those of 
the rest of the body. 

The atlas is a relatively small ring-likc bone; and the 
transverse ligament may become ossified and divide its aper- 
ture into two — an njiper, tor the spinal cord, and a lower for the 
odontoid process of the axis vertebra. The os odontoideum 
is always ancliylosed with the second vc'rtebra, and constitutes 
a peg-like odontoid process. 

The spines of tlie succeeding c(?r\ ical vortebrm are often 
obsolete, and are never very rirominent in tlie middle region 
of the neck. The anterior faces of their elongated vertebral 
centra are cyiindroidal, slightly excavated from above down- 
ward, and convex from side to side ; while the posterior faces 
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are convex from abo%^e downward, and concave from side to 
side. Hence, in vertical section, the centra ;jppear procadous ; 
in horizontal section, opistlmcceJous ; find this structure is ex- 
ceedingly characteristic of birds. iMic under surfaces of the 
centra frequently give oil* median inferior processes. In the 
it is obvious that tlic ccrvicfil vertebrm have short 
transverse pro('esses and ribs, disposed very much as in the 
Crocodilian For, in young birds, tlio anterior end of the lat- 
eral face of caclj verlebra bears two small processes, fin upper 
and a knver ; and the expanded head of a stylilbvm rib is ar- 
ticulated Avitli these by two jaceis wliicli repi-csent the capitu- 
lum and the tuberculum. With age, the cervical ribs may 
become completely anchylosed ; and then they appear like 
transverse processes, p{?rlbrated fit the bfise by fi canal, which, 
as in the Crocodilia^ contains the vertebral artery and vein, 
and the main trunk of the sympathetic nerve. The cervical 
ribs and transverse processes are similarly disposed in very 
3^ouug Carinatm; but in these birds tlndr l()rm frequently be- 
comes much rnodilicd in the adult; and tliej' devadop pro- 
longations, w’liich (extend dovvnwanl and inward, and protect 
tlie cfirotkl arteiy oi' firtcaaes. 

The neural aicbes have 'well-devcloped j)re- and post- 
zygapophyses. Tlie ribs of one or two of the |)osterior cervi- 
cal vertt,'bne become elongated and friadj^ movable in the 
CarinaUv^ fis iu tlie llatito\ 

The first dorsiil vertebra is defiruxl as such, by the union 
of its ribs wdth the sternum Iw means of a sternal lib ; which 
not only, as in the (Jrocodilia^ becomes artiimhitiid with the 
vertebral rib, but is converted into conqdote bone, and is con- 
nected by a true articulation with the margin of the sternum. 

The number of the dorsal vertebrte (reckoning under that 
head all the veriebra", after the first dorsal, wliich possess dis- 
tinct ribs, wdiethcr the^^ bo fixed or frije) varies, 'Die centra 
of the dorsal vertebrae either possess cylindroidal articular 
faces, like those of the neck, as i.s usually the case ; or, more or 
fewer of them may have these faces s])hcroidid, as in the Pen- 
guins. In this case, the convex face is anterior, the concave, 
posterior. They may, or may not, develop inferior incdiau pro- 
cesses, They usually possess w^ ell-marked spinous processes. 
Sometimes tlio^" are slightly movable ujioii one iinoflier ; some- 
times they become anchylosed togetlicr into a solid mass. 

It is characteristic of tlic dorsal vertebrfo of Birds that the 
posterior, no less than the anterior, vertebra) present a facet, 
or small process, on the body, or the lower part of the arch, 
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of tlic vertebra for tbe capitulum of the rib, while the upper 
part of tiie neural arch ogives olT a more elong’uted transverse 
procicss lor the liiberculuni. Thus the transverse processes of 
all the dorsal vertebnu of a bird resemble those of the two an- 
terior dorsals of a crocodilf?, and no pai t of tlie vertebral col- 
uirin of a bird presents transverse proc'csscs with a step for 
head of the rib, like those of the great majority of the vertebrm 
of Crocodilia^ J)inosaurla^ .Dlcynodontla^ and Pterosauria, 
The discrimination of the proper lumbar, sacral, and ante- 
rior caudal vertebrm, in the anchylosed mass which constitutes 
the so-called ‘‘ sacrum ” of a bird, is a matter of considerable 



Pia. 80. — Tlio “Saennn” of a Chick. , <i<»rso-lu!nb;u’ ; g., c. caudal vertebrae. 

dilfieulty. The general ai-rangomeiit is as follows : The most 
anterior iumbar vertebra ha.s a l)road transverse process, which 
corresponds in form and position with tlie tubercular trans- 
verse process of tlie last dorsal. In iIk^ succeeding lumbar 
vertebrm tliis process extends downward ; and, in thii liirider- 
most, it is continued from the centrum, as well as from the 
arch of the vertebra, and forms a lirond mass which abuts 
against the ilium.* This proci^ss miglit well be taken lor a 
sacral ril), and its vertebra IVir the pro[).er sacral V(>rtcbra. 
But, in th(i first place, I. find no distiiuct ossiheation in it ; and, 
secondly, the nerves wliieli issue from the intervertebral fora- 
mina in front of and behind this vertcTira enter into the lum- 
bar plexus, which gives origin to tlic^ crural and obtui’atoi 
nerves, and not into the sacral plexus, whicli is the product of 
the nerves which issue from the intervertiibral foramina of tlie 

{ proper sacral vivrtebrm in other Peytehratcu Ikdiind the last 
umbar vertebra follow, at most, five vertelira:i, which have no 
ribs, but tlieir arches give olF horizontal, lamellar, transverse 
processes, which unite with the ilia. 31ie nerves which issue 
from the intervertebral foramina of these vertebrm unite to 

* It would ho more proper to say tliut osHifioutioii extends into it from the 
ceiitrum as Avell as from tljo neuiat areli. The process, like other processes, 
exists before the centrum is diiferentiated from tlie arcli by ossification. 
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form the sacral plexus, whence the gTcat sciatic nerve is given 
off; and I take them to be the homologues of tiie sacral ver- 
tebrae of Ileptilla, Tiie deep fossje between the centra of tliese 
vertebra?, their transverse pj'ocesses, and the ilia, are o(-cupied 
by the middle lobes, of the kidneys. 

If these be the true sacral vertobriC, it follows that their 
successors are anterior caudal. have expanded upper 

transverse processes, like tiie proper sacral vertebra? ; but, in 
addition, tliree or four of the most anterior of these vertebrte 
possess ribs whidi, like the ]>ro2')er sa(u*al ribs of reptiles, are 
suturally united, or anchylose<l, proximidly, with both the 
neural arches anti the centra of tlicir vertebra^ wliilo, distally; 
they exj)aiid and abut against the ilium. The anchyloscd 
caudal vevtebne may be distinguished as vromcraL The 
caudal vertebrte wlrich succeed these maybe numerous and all 
distinct from one another, as in A reJui^opteryx '^iud lihea ; but, 
more generallv, only the anterior (?aiidal vertebriC are distinct 
and movable, the rest being ancliyloscd into a j)lougli-share 
shaped bone, or pyifosiyle^ whicJi supports tlie iai 1 -feat ln?rs 
and the uroj^ygial gland, and sometimes, ns in tJje Wood- 
jx'ckers and ninny other birds, exjiands below Into a ])r()ad 
2:>olygonal disk. 

liie centra of the rnovalile presaend vertebra? of Birds 
are conm*cted together l)y fibro-cartilaginous rings, which 
ext(?nd from the circumference of one to that of the next. 
Each ring is continued imvard into a dislv witli free a,nt(?rior 
and posterior faces — the meniscus. The meniscus thins tow- 
ard its centre, whi<ih is always perforated. Tlio synovial 
s|)nce between any two centra is, ih(?i’cfore, dividual by tlic 
meniscus into two vovy narrow chambers, whieli communicate 
by the a]Kn'turo of the meniscus. Someliint^s the rnenisciis is 
reduced to a rudiment; vvliile, in other cases, it inay be united, 
more or less extensively, with the faces of tlie (*cntra of the 
vertebra?. In the caudal region, the union is complete, and 
the meniscus altogetlu.T resembles an ordinary intervertebral 
cartilage. 

A ligament traverses the centre of the iq^erture in the 
meniscus; and, in the chick, contains the intervertebral por- 
tion of the notochord. As Jiiger* lias sliovvii, it is the homo- 
logue of the odontoid ligament in tlie cranio-spinal articula- 
tion ; and of the pulpy c* ntral }?art of the iiiterverti?bral fibro- 
cartilages in Mammalia, 

*“Das Wirbclkorpergelenk der Vogel.” Sitzungsbericlite der Wiener . 
Akadernie, 1858. 
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All ilio vertebral ribs in tlie dorsal region, except, perhaps, 
the very last free ribs, have widely-separated capitula and 
tiil)erciila. More or fewer have well-ossified uncinate processes 
attached to their posterior margins, as in the Crocodilia, 
The vertebral ribs arc completely ossified up to their junction 
with the sternal ribs. The sternum, in birds, is a broad plate 
of cartilage, which is alwiiys more or less completely replaced 
in the adult by membra no-bom*.* It begins to ossifj^ by, at 
fewest, two cenlres, one on each side, as in the llatitm. In 
the Carinaim it usually begins to ossify by live centres, of 
which one is median for the keel, and two are in pairs, for the 
lateral parts of the sternum. Tlius the sternum of a chicken 
is at one time separable into five distinct bones, of which the 
central keehbearhig osslFi(‘,atioii (r. to in. a*, in Fig. 81) is termed 
the lophosfeony the antcro-lateral piece which ariiciilatos wdth 
the ribs,//^cicro.S‘^con [pi. o.),and tlie posterolateral bifurcated 
piece, Qiietosteon. 

Thougli the sternum, in most birds, seems to dilfer very 
much in form from that of the lleptilia^ it is rhomboidal in 
the Camarida^ where it differs from Ihe .re})tili«an sternum 
chiefly in tlie greater |>ro})ortional length of its posterior sides, 
the absence of median liackward prolongations, and the con- 
vexity of its vcmtral surface. But in other birds, and notably 
in many CarinaUe^ the antero-lateral edges, vvhicli are grooved 
to r(‘ceivo the coracoids, form a nuicli more opcni angle than 
in the lieptdla^ wdiile the postero-lateral edges become 
parallel, or diverge ; and a wide, sti'aight, or convex, transverse 
edge takes the place of the posterior angle. Two, or four, 
ineinbrarious fontaiielles may remain in tlie posterior moiety 
of the stern i* III when ossification takes place, and give rise to 
as many lioles, or deep notclics, separating slender processes 
in the (Ir y skeleton. All these corresjiond with so many divis- 
ions of the xiphoid process of the sternum in 3l<.mnn(dia^ and 
hen 00 arc called ?niddley internal^ rtnd external xiphoid pro- 
cesses. Some times, a median process, rostrnni or mmmbriwm 
(r., Fig. 81), is developed from the anterior angle of the ster- 
num, and its aiitero-lati*ral angles are frequently produced into 
costal processes (c. />., Fig. 81 wiiich may bear the articular 
surfaces foi' more or fewer of the rilis. Idie two last-named 
structures are very distinc^t in the Coracomorphm^ or Passerine 
Birds. 

* These stateraouts rcspectinj; tho vertebral column, ribs, and sternum, 
like those further on touching the skull, do not apply to ArchotoyUryTi^ in 
whioli all these parts are unknown or imperfectly known. 
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The extent to which the keel of the lophosteon is devel- 
oped in the carinate birds varic-s very much. In Stngops it 
Is rudimentary; in birds of powerful Hight, as well as in those 
which use their wing's for swimming', it is exceedingly large. 



Fio. SI. — Front mv\ sMo views of ilie stermiin of a Fowl, r., rostrum, or njanubi'imii : c. 
v'ostal process; pi. <?., plourosteou (tlio Hue from the letter ;^oed to the point of jiirio 
tlon l)etween tlie pleurosteou aud the metostoon); m. tlie niiddlo xiphoid process; 
ca., the Carina or keel. 

In the bird’s slcull (Ifig. 82), the brain-cast^ is more arched 
and s|)acious, and is larger, in proportion to the fa(?e, than in 
any lieptUia^ with tlie exception of the l^eromuria. There 
is a Avell-marked interorbital st'ptnrn, but the extent to which 
it is ossitied varies greatly. As a geiua'a! rule, the superior 
temporal bar is incomplete, and there is no distinct post-frontal 
bone. The inferior temporal bar, formed by the jugal and 
quadrato-jugal, on the ofclier hand, is always complete. Tiiere 
are no long parotic processes, nor any post-temporal Ibssse, 
the whole ea(*h parietal bone being, as it wore, absorbed in 
the roof of the skull. 

The nasal apertures arc almost always situated Dir back 
near the l)ase of the beak. In the dry skull (above 3fx. in 
11 
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Fiir. S2), there is a Lichry mo-nasal ibssn, or in ter vnl unoccupied 
by bonc^, bctwetm the nasal, laciirymaJ, and inaxillaiy boncs^ 
snch us exists in some TdeosaaHa^ JDtiiosaurla^ and Ptero^ 
muriiu 

The posterior nares lie between the palatines and the 
vomer ; and the nasal passage is never s<‘parated froin the 
cavdty of the moutii ])y the union of palatine plates of the 
palaiine or pterygoid bones. 

The Eiistaeliian tubes generally traverse the basispheuoid, 
and have a common aperture upon the middle of the under 
surface of the skull. 



Pl->. 82.— Latoral, upper,. and undor views of tlie skull of a conmion Fowl {Vha^ianM^ (jal 
luH). the luaxiUo'palHline process, the quadrate bone. The doited line 

aecidentaily stops at ttio angular pruco3.s of the mandible. 


The bones of tlie brain-case, and most of those of the face, 
very early become anchylosed together into an in distinguish- 
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able whole in most birds, bufc the sutures remain distinguish- 
able longer in the Chmomorplm and Sphcnlscomorphm j and 
especially in the liatUm. 

All the <?onstitiieiits of tlie occipital and parietal segments 
of tlie skull ar(^ represented by distinct bones, but the frontal 
segment varies a. good deal in this respect, f'he basisphenoid 
has a long rostrum, which re|)resents part of the parasplicnoid 
of the Ichthyopsida, Large frontal bones always exist, but 
the pre-splienoidal and orlato-sphenoidal rc'gions arc not so 
rtigu I arly ossitied. 

I'lie ethmoid is ossihed and frequently appears upon the sur- 
laoe of the skull, bctwcHm tlic nasal and the frontal bonces ; and 
the internasal sepinm, in front of the (dhmoid, may present 
very various degrees of ossitication. Very frequently, the in- 
terspace between the ethmoidal and tlie internasal ossillcaiioiis 
is simply mcrnbranoiis in Ihc ad nil, and the beak is held to the 
skull only by Iho ascending })roeesses of the preinaxillaiy 
bonovS, and by tlie iiasal bones, which are iln’n and flexible. 
By tills means a. soi t of elastic joint is establislierl, conferring 
upon the beak a e<‘rtain range of veriical motion. Jn llie Par- 
rots, and some other birds, this joint is cunvciled into a, true 



Fjo. 8;?. — A, lorifritiKlnial and vortical section of the posterior iialf of the sknll of an Ostrich, 
the xhtulUuy fossa; a so., anterior and X’osterior vertical seinicircular canals of 
tho oar. 

ai’ticulation, and the range of motion of the n]q)or beak be- 
comes very extensive. 

llie periotic capsule is completely ossified, and, as in othe;* 
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jScfurop^uia, <^piotic and the episthotio are aiichylosed 
witli iljo occipital S(3grncut before they unite willi the prootio. 
In tlie primordial skull of the bird "the olfactory organs are 
surrounded by cartilaginous capsules, the lateral walls of wliioh 
SvMiddn turbuuil proc( ‘S8(3S of very various degrees of cornplex- 
itv. When the posterior watl of tliis capsule is ossllled, the 
bone thus formed re])rescnts the prefrontal, or lateral mass of 
the ctlnnoid, of the mammal. It is largcdy developed in the 
Apteryx^ in the and many otlitu* birds, but is ab- 

sent in the, Struthioiikhe : and, in other blnls, is ofU^n repre- 
sented bv a imu'e bar of l)ono standing out from tlie ethmoidal 
ossih<.*at ion. 

The lachrymal is, usually, a distinct and hirgc bone articu- 
lated with tlie nasal and frontal above, with the prefrontal 
internally, and with the maxilla below; but sometimes it be- 
comes undistiiiguishaldy fused with the prefrontal. Some- 
times, oil the contrary, as in the Parrots, it acipiires a large 
size, and sends a process backward beneath the orbit, which 
may join with a ])osl:-orbital process of the frontal, and so cir- 
cmascribc the? orbital cavity. 0/dMhoc.omus exhibits tlie pe- 
culiarity of the coinpiide anchylosis of the nasal with the 
Iaclirymal,,whic]i is rpiite fr(;c from the froutJil and moves with 
the hinged beak. A sujira-orbital bone, or cluiin of bones, 
may bo developed in connection with t]i(3 orbital margin of the 
frontal bone ; and, occasionally, infra-orbital bones appear bf?- 
low the orbit, parallel with the jugal arch. A post-orbital 
process may b<i developed from the frontal, or from tlie ali- 
sphenoid ; and, in the latter case, may l>o s( 3 parately ossified. 

Ihe squamosal is closely applied to the skiill^ and is, usual- 
ly, aiichylo.sed with tlu3 other bones. It often sends a process 
downward over the qnadr.ate bone, and it may be united by 
bone with the post-orbital process of the frontal, as in tlie 
Fowl. 

The frame of th(3 tympanic membrane not uiifrequently 
contains distinct ossification.s, whicli represent the tympanic 
bone of the Alamraalla. 

The premaxilhe are modified In a manner which finds a 
partial parallel only among the Meptllla. They are tri-radiate 
bones of great size, which, usually, g-ive off three processes; 
an ascending process to the frontal ; a palatine process, along 
the middle of the palate, to t]it3 palatine bones ; and an exter- 
nal, or maxillary process, which forms the greater part of the 
margin of the beak, and unites with the maxilla. The two bones 
are very early represented by one continuous ossification. 
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The vomers vary more than almost any other bones of the 
skull. They underlie and embrace tlie inferior edge of the 
etb mo-presphenoid al region of tlie basis cranii, and, in all 
birds in w hich they are distinctly developed, except the Os- 
trich, they are connected behind with the palatine bones. In 
most birds, they early unite into a single bone ; but they 
remain long distinct in some Voracomorpfuv, and seem to bo 
always separate in tlie Woodpeckers. The coalesced vomeis 
constitute a very large and broad bone in most Ilatitce^ and in 
the T Inarao morph oe ; a narrow elongated bone poiiited in 
front in Schhorpiathce ; a broad bone deeply cleft beliind, and 
abruptly truncated in front, in iJoracoinoTpJmi, Tu most IJes^ 
rnognathm the vomer is small ; and, sometimes, it appears to 
be obsol(?te. 

The maxi Ike of birds are usually slendt r, rod-like hones, 
articulating by squamous suture, in front, with the premaxi lla*., 
and, behind, with the equally slender jugals. In tlie great 
majority of birds tlie maxilla sends inward a maxiUopahitlne 
process (Fig, 82, imp.\ wdiich, sometimes, is mere tliiii lamel- 
la of bone, soiiiciimcs, becomes swolhm and spongy. In the 
liatitm and the Demiognatlm (Fig. 84), the maxillo-palatine 
processes unite wilh the vomer, or w ilh one another, and form 





Fig. 84. — The* under surface of the cranium of the Secretary hird {OifpogcrannH)^ as an ex* 
amploof tho DesmognathousanTOugoment. inaxillo-paLitino process; Bpt^ host 

pi.cry^^oid processes. 
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a Qonij^lete bony roof across the palate. In the Schizognathoe 
(Fiii-. 82 ), aiul u^Egltliogiiathm^ the maxillo-pulatines remain 
quite distinct both from one another and from the vomer. 

1110 quadrato-jug'al is usually a slender rod of bone, tlie 
Iiinder extremity of Avliich presents, on its inner side, an artic- 
ular liead ^diicli tits into a fossa in the outer face of the distal 
end of the quadrate bone. 

T'hc palatine bones are general Ij" long and eoncave on tlieir 
palatine fac(‘S. In front, tliey |»ass lameath (i. e., on the ven- 
tral side of) the maxillo-pala tines and unite with tlio j)reni ax- 
illa*, sometimes by a squamous sutuic, sonudimes by anchy- 
losis, j'arely, as in tlie Parrots, ly a llexiblc joint. Postei-iorly, 
tlu‘y alway s unite Avith the pterygoids. In iiiost birds, the 
palatines (-ouverge, ])Osleriorly, toward the basi-sphenoidal 
rostrum, and unite w ith it by an articular surface, w hich allows 
of a sliding motion of the j)a.latin(‘S upon th(*. rostrum. Such 
an articulation du(‘S Tiut (exist in or in tlie Tiuamous, 

among the CariiiatiP. In these (with ila^ (‘xception of 
Struthio)^ tlie jialatines an*, as it were, borne off from the ros- 
trum by the diviTgent ends of tlic great vomer, and the dispo 
sitioii of tlie parts is more lacertilian than in other birds, 
Tlie outer, or posterior, end of the jiterygoid bone presents a 
fossa for an articular h(*ad, t\diic}i is developed upon the inner 
side of the distal end of the quadrabx The iniK*r, or anterior, 
ends of t h<* pl.eryg<jids meet in almost all birds, and may be- 
come articiilatcci w itii the basi-splumoidal rostrum. In all em- 
bryonic birds, in all tlio Tlatlta?^ and in many (Jarlnixta^ such 
as the 7 inarnoryn>r}^^^^ iliamdrloinirrplur^ Alectoromorpha^ 
I\ri,sterouf Orj JHA^^ (Jhenontorpluv^ longer or sliorter processes 
exttmd from the basi-spheijoid, and present terminal articular 
facets to corresponding facets upon tlie inner sides of tlie 
pterygoids. Tliese are hasi-ptcn/ffoul processes, similar to 
those which occur in JMrcrHfla and some Ophldki, 

The quadrate bom^ is almost ahvays movable upon the 
skull, articulating with the prouiic, alispiheiioid, and squamo- 
sal, by a single, or double, head. The distrd liead articulates 
with the nuindiblc lielow’^, the (juadrato-Jugal on the outer, and 
the pterygoid on the inner, side. Hence, when the etlimo- 
nasal joint is develo|)ed, any forward movement of the distal 
end of tlie cpiadrate, sucli as must lake place when the mandi- 
ble is rlopressed by the digastric muscle, (*aus(‘s the maxillo- 
jugal bar to thrust tlie iiremaxilla upw ard and forward ; the 
palatine and pterygoid bones, at the same time, sliding for- 
ward upon the rostrum of the basisplienoid. Thus it conies 
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about that the upper jaw of such a bird as a Parrot rises, when, 
in opening* the mouth, the mandible is depressed. Each ramus 
of the mandible consists primitively of six pieces, as in other 
Sauropsidety but the dcntar 3 '' pieces of each side are, as in the 
Cheloma^ very early united, if indeed they are not ossified 
from one centre. Yery often, a foritanelle remains between 
the deiitary and the other elements, as in Crocodllia / and 
the dentary long* remains readily separable from the rest; or, 
as in the GoatsuckervS, is united with the otlnn’s only by fibrous 
tissue, so that it is movable. Tlie angle of the mandible may 
bo truncated or prorluccd backward into a long curved pro- 
cess, as in Fowls (Fig\ 82), Ducks, and Geese. 

The hyoid is composed of basal elements, the anterior of 
which, usually composed of two ])orti()iis, lies in the tongue ; 
and of two short, anterior, and two h>ng, posterior, cornua, 
which arc ri(n"(3r united with the jxnaoiic region of the skull, 
and commonly remain quite free. In some of the Wood- 
peckers, liowover, iiie long posterior cornua are immensely 
elongatod, and cur\'(Ml upward aud backward over the skull 
(the frontal bones being grooved to receive them), and tlujir 
free ends are inserted I)etween the ascending and maxillary 
processes of the right piaunaxilla. 

The pectoral ar(*k presents a long*, narrow, and recurved 
sca])uki (^S *. Fig. SII)^ witliout any SLiprascai>ula ; and a cora- 
coid (6V>.), fitted bv^ its proximal end into the groove in the 
antero-lateral edge of tluj sternum. The inner ends of the 
coracoids occasionally overlap, as in Lacertllia / otherwise, the 
slioulder-girdle is unlike tliat of any of the UeptUla^ except the 
Poerosmirla. Tlie coracoid is nsuallv completely ossified, and 



Pia. 84i. — Tho rlj^ht scapula (.SS?.) and coracoid (<^>>.) of a Fowl: the frlenoldal cavity*, 

tbe ri'fht clavicle, or right half of tho fiirctiliim ; hp, tlie hyi)ocleidiuin. 
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presents no foiitanelle. There is no distinct epicoracoid. The 
two bones take nearly equal shares in the formation of the 
glonoidal cavity, and iistuillj remain unanchylosed and distinct 
in this region. 

In the liatltm the long axis of that pait of the scapula 
winch lies near the glenoid cavity is parallel or coincident with 
that of the conieoid, and the two bones become completely 
anchylosed. But, in all the Canncitcv^ the long axis of the 
scapula forms an acute, or only sligbtly obtuse angle ( Ocydro^ 
mus^ Dldus) with that of the coracoid. A small bone, tlie 
scapula is developed on the outer side of the shoul- 

der-joint in most Coracornorp/ia^ and Celeomorphai, 

111 the the glcnoidal end of the scapula is divided 

into two portions ; a (jlcaoidal process, w'liich ex[)ands to form 
the upper part of the glenoidal cavity, and to unite with tlic 
cora(*oid, and an acromial process, which givTS attachment to 
the outer end of the c]avi(‘Ie, TJio glcnoidal end of the cora- 
coid is in like manner divided into In o portions ; a glcnoidal 
process, which unites vvitli the scapula, and a cJaclcularyrrocc.^%^ 
which articulates with ilie outer surface of tlie claA'icle, near 
its outer end. 

The (davicnlar process of the coracoid probably represents 
tlie proooracoid of JMccrllUa, In the there is no dis- 

tinct elavicailar process, but the anterior {)art of the coracoid, 
near the g’lonoid cavity, may be produced and separated by a 
notch, or fontanel lo, from the rest, as a lacertilian procoracoid. 
There is no trace of clavicles in the Apteryx and in some Par- 
rots. Ill the Kincu, and in sundry Carinatm (some I^irrots 
and Owls), the clavicles remain distinct from one anotluir, or 
connected only by hbroiis tissue ; but, in the majority of birds, 
they are very early ancliylosed togetlier, ami with the ropre- 
sentative of the interclavicle, in the middle line, into a single 
bone, Jurcuhuri^ the strength of which liears a pnqty close 
relation to the exertion required of the wings in tlight, or in 
natation. In tlie passerine birds the scapular end of the clav- 
icle is usually expanded, and ossifies separately, as an epiclei- 
diunu A median process (Jiypo(deidluni)^ is frequently devel- 
oped from the interclavicular part of tlie furciilum, and this 
may be united wdth the carina of the stcrimm by strong fibrous 
tissue, or even by continuous ossification. In OplsthocomuSy 
the furculum is anchylosed with llic maiiubrial part of the ster- 
num, on the one hand, and ^vith the coracoids on the other. 
Anchylosis of the furculum with dhe coracoids has also been 
observed in XHdus* 
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The fore-limb of a bird, when in a state of rest, eAbibits a 
great change of position if it be compared w ith that of an or- 
dinary reptile; and this change is of a character similar to, 
but in some respects greater than, that which the arm of a man 
presents, when compared w ith the fore-limb of a- qnadru2:)edal 
mammal. The humerus lies parallel with the axis of the body, 
its }>roj)cr ventral surface looking otitw^ard. The forcfirm is in 
a jiosition midway betw^cen pronatioii and supination, and the 
manus is bent back upon tlie ulnar side of the forearm, in a 
I^osition, not of flexion, but of abduction. 

In ordinary birds, the 2)ioximal end of the humerus is ex- 
panded, and its articular head transversely elongated ; its ven- 
tral face is convex, and provided with a strong 2>reaxial ridge, 
which gives attachment to the pectoral muscle. The pro2)cr 
dorsal face is concave from side to side, especially toward the 
pofitaxial margin, wdicre the pneumatic aperture occurs in those 
birds vvliicli liave ilui humerus hollow. The distal end is ex- 
panded, and the articular surface for the radius is a convex 
facet, direct(‘d obliquely inward, on its ventral face. In tliis 
respect the bird’s limnerus exap;gerat('s a feature of that of the 
Lizards. 

In the llatltai iliese pecnliaritics are very feebly, or not at 
all, marked, the humerus being a slender, cylindrical, slightly- 
cur\"ed, bone. In the Casiiaruke^ lyhwfriitlddce^ and Aptery- 
gi(la\ the fore-limb is extraordinarily reduc(Kl, aial may become 
rudimentary. In the IkMiguins and, to a Itiss degrf'C, in the 
great Auk, the hurncrus becomes flattened from side to side ; 
the proximal end is singularly modified, and, at the narrow 
distal end, the articular surface for the radius lies conqilctely 
in front of, and rallicr abovx\ that for the ulna. 

The ulna, which often presents a series of tubercles, indi- 
cating tlie attachment of the secondary quill-fcathcrs, is usu- 
ally a stronger, and a longer, bone thaTi the radius. There are 
only two carpal bonces, one radial and one ulnar. 

In the Aptcrygldw and in the Ckisuaridm^ there is 1 )ut one 
complete digit in the maiui.s. It appears to ansAver to tlie 
second of th(^ pentadactyle limb, and is provided with a claw. 
In tlio and liheida\ and in all Carinatcr.^ there 

are three digits in the manus, Avhich answer to tlie pollex and 
the second and third digits of the pentadactyle fore-limb; and 
the metacarpal bones of these digits arc anchyloscd together. 
As a rule, the mctacarjinl of the ]K)llex is much shorter than 
the other tw^o ; that of the second digit is strong and straight, 
that of the third is more slender and bowed, so as to leave an 
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interspace between itself and the second, which is often filled 
up bv bony matter, TJie pollex has two phalanges, and the 
second of them is, in many birds, pointed, curved, and en- 



sliealhed in a horny claw. The second digit 
has three plialanges, and the terminal jjlia- 
lanx is similarly provided with a claw in sun- 
dry birds. In tiio ostrich, both tlie pollex 
and the second digit are unguiculate. The 
third digit never possesses more than one or 
two phalanges, and is always devoid of a 
(‘law. 

It is a singular circumstance that the 
relatively pro]Kn’ti(jns of the humerus and the 
manus should present the most marked con- 
trast ill two groups of birds, which are alike 
reniarkahle for tlicir powers of tlight. Tliesej 
are the Swifts and Huiiimliig-birds, in whidi 
the Inmuirus is short and the mainis long ; and 
tlie Alliatrosses, in whicli the humerus is long 
and the manus relatively short. 

In the Penguins, the pollex lias no free 
halanges, and its metacarpal bone seems to 
be anchylosed with that; of the second digit. 

third metacarpal is slender and straight. 
The bo!ies of the manus are singularl}’ elon- 
gjited and fattened. 


The pelvis of a bird (Fig. 8G), is remark- 


abhc for the great elongation, both anteriorly 
s5.-~Tiui radius (r); ‘'^^(1 posbn’ioHy, of the iliac bones (IL)^ 
which unite with the wliole length of the 
the f.hrofi (it'I e(lg(:‘,s of the sai^rimi and cv<m extend 

forvs ard over the posterior ribs of tlie dor- 


Fovvi. The lormiini regi(.>n. Bclow, (?ach iliac bouc forius a 

pliul.'inpoH of both tho • i ^ T i i 

first and tiiosocoiKi (lb wulc arcli ovcr the upper part of the acetab- 

totoo^spodmori'ilSi. »l»m (/Im), tbe centre of which is always 
closed by librous tissue, so that, in the dry 
skeleton, the Iiottom of the acetalmluTn is peiTorated by a wide 
foramen. An articular surface on the ilium, on which the 
great trochanter of the femur }>lays, is called the antitrochanter. 
In all ordinary birds, the ischium (Fig. 86, Is.)^ which broad- 
ens toward its hinder end, extends back, nearly parallel with 
the hinder part of the ilium, and is niiited with iib by ossifica- 
ti(m, posteriorly. Th<? iJiosciatic interval is thus converted into 
K. foramen. The pubis {PIk) enters, by its dorsal or acetabular 
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end, into the formation of the acetabulum, and then passes 
backward and downward as a comparatively slender, curved, 
bone, nearly j^arallel Avitli the ischium. It is united with its 

A. 



Fig. 86. —A, lateral; aod 1^, dorsal, view' of the i)elvia of a Fowl. Sm.^ sacrum ; UluiL 
/«., iscliium; pubis; acetabulum. 

fellow only by fibrous tissue. Neither the ischia, nor the pubes, 
unite directly with the sacrum. Very few birds present any 
important deviation from this structure of the pelvis. In 2^- 
namus^ Casuarius, Apteryx^ Dlnoriiis^ the ischium 

is not united with the backward extension of the ilium by bone. 
In Khea^ tlic ischia unite wdtli one anotlu'r beneath the verte- 
bral column, and the vertebne in this region arc very slender 
and imperfectly ossified. In Strut hio^ alone, among birds, do 
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the pubes unite in a median ventral sympliysis. Another, not 
less remarkable circumstance, in the ostridi, is, that the 31st 
to the 35th Tcrtebra? inclusivel}^ (counting from tlie atlas) de- 
velop hve lateral tuberosities. The three middle tuberosities 
arc largo, and abut against the pubis and the ischium. In 
tliese vertel)!’!!*, as in the dorsal vei-tcbim of Clidonia^ the neu- 
ral arch of each vm*tebra shifts forward, so that half its base 
articulates with the centrum of the next vertebra in front; and 
the tuberosities in question arc outgrowths, partly of Ihe neu- 
ral jirch, partly of the juxtaposed vertebr.al centra, between 
Avhich it is wedged. Hem-e, in youi\g ostriches, the face of 
each tuberosity exliil)ils a trirndlate suti]r(\ 

Tlio upper articular head of the h'mur is rounded, and its 
axis is almost at right angles with the body of the bone ; a 


structure winch is not Ibmid in ordinary but exists in 

tlie Ljuanodon and other Ornithome- 
rula. The sliaft is relatively short and 
thick, and the two terminal condyles are 
\ hirg*e and elongated aniero-posteriorly. 

^ ridge, which plaj^s be- 

A M proximal ends of the tibia 

^ [h ilf I® fibula, is apparent upon the 

j iM posterior and inferior surface of the 

'■ I 'll outer (‘ondyh'. A similar ridge is 

p 'I i I faintly dev<‘loped in some ^Lacertilla^ 

t ij j and is Avell marked in tlie Dinosaurian 

- ‘I I reptiles. A patella is usually ]>resent, 

;; — jr — i j l but it is sometimes absent, and may be 

;; ! I double. 

I ' i j is The fibula of biids is always imper- 

i ; 1 1 feet, <mdiug in a mere style below. 

Il; df Generally it is decidedly shorter than 

y the tibia, but it has the same length as 

|i ; Il that bone in some Penguins. The tibia, 

^Pj, ' iI or ratlier tiMo-tarsifs^ is a highly-char- 

JmW acteristic bone. Its proximal end is 
yEj expanded and produi^ed anteriorly, into 

gi-eat cnemial process (wdiicli may be 
Eio. 87.— The right tibia and variously subdivided) as in Dmosamna, 
The distul end is terminatedbyawmll- 
T., tibia ; F.,tibuia; marked, piillcv - like, articular surface 
afltrWliis. winch IS inclined somewhat forward as 


well as dowmvard. Not unfrequently 
there is an oblique bar of bone on the anterior face, just above 
the pulley, beneath w liich the long extensor tendons pass. 
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The extremity of the cnemial process in Struthio and Ithea 
is ossified as an ep^yhyais ; and, in young birds, the whole of 
the distal articular end of the bone is separated from the rest 
by a suture, and also aj>pears to be an c})iphysis. But it is, 
ill fact, as Prof. Gegenbaur has proved, the jiroxiinal division 
of tlie tarsus (apparently representing only tiie astragalus of 
the other Vertehrata\ which exists in the embryo as a separate 
cartilage, and, as it ossilies, anchyloses with the tibia, dhe 
S 0 “CaL]c;d tibia of a bird is therefore, ])roperly speaking, a tlbio- 
tarsiis (see p. 22G, Fig. 87, A, and Fig. 88). 

Jn all birds, even in jirchceoptenfn^ the fifth digit of the 
pes reinains undevadopod ; .and the second, third, and fourth 
metafarsais are auchylosed together, and, liy tluvir proximal 
ends, with a bone, whiidi is a distinct cartilage in the fa:;tus, 
and represents the distal division of the tarsus. Tlius a tarao- 
metatarsus is formed. The distal ends of tlio metatarsals re- 
main separate, and offer convex articular surfac^es to tlie proxi- 
mal phalanges of the digits. 



Fig, 8S - The distal end of the Fig. 39. — Tbo rigia t.arso-rnctatarsu« 

left tibia ( 77>.) -with the of a Fowl, conoisthiur of threo 

astnigalus (vl.¥.) detached, dij^ils, ii., ill., iv., anchyloKcd with 

of a young Fowl. V iewod one another, and wit h i.hc osmcous 

from In fi'ont, and from tho core of the sinir. A., front aspt'cl ; 

outer side. Jl., inner a^i>oct. 

Ill the Penguins, largo apertures lie between the several 
metatarsals of the adult tarso-rnefatarsus ; and, in oi lier birds, 
more or less considerable passages persist between the middle 
and the lateral metatarsals proximally, and the middle and the 
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Ollier, disially. In most birds, the middle metatarsal does not 
remain parallel with the otliers, but its proximal end inclines 
a lit t le bac'kward, and its distal end a 111 tie forward. Hence 
the two apei'tnros on each side of its proximal end may lie at 
(ho ])oltom of a fossa, or run into one, in. front, while they 
remain distinct behind. 

Again, in most birds, tlic posterior face of the ])roxTmal 
end (>f the middle m(datarsal, and the adjacent surface of the 
tarsal bone, grow out info a process, whicli is commonly, 
but. improperly, termed “eaicaiieal.” Tlie infinlor surhice 
of this hf/po-tarsifs is sometimes slmiily flattened, sometimes 
iraversecl by groov es or canals, for the Ilexor tendons of the 
digits. 

^^"hen a hallux exists, iis m<‘tatarsal bone is usually in- 
complete above, and is united hy ligament to the inner, or the 
posterior, surface of th<? tarso-naualarsus. In the Frigate-bird 
(.Phaetho^i) and in ^Steatornu^ tlie liallucal metatarsal is re- 
markably long. Tlie genus Pliacthon stands alone, so far as 
1 know, in hav ing the Inillucal metatarsal andiylosed with the 
others. 

In many of the Alectoro})torjJia3^ a spur {ccdcai*)^ consisting 
of a bony core ensheathed in horn, is developed on the inner 
side of the metatarsus, and liccomes anchylosed with the nieta- 
tarsjil of the second digit. In a few birds, similar spurs (Pa/a- 
niedea)^ or osseous excrescences {JPezophapd)^ mo dcA^'cloped 
in relation with the metacarpus. 

Tlie normal number of tiie pedal plialanges in birds is (as 
ill ordinary Lacertilla) 2, «1, 4, o, rerhoning from the hallux to 
tlie fourth digit. Among the few birds vs hich constitute ex- 
ceptions to the rule are the Swifts, in which tlie third and 
fourth toe liiive only three phalanges each (2, 3, 3, 3), and the 
Goatsuckers and the Saml-grousi^, in which the fourth toe 
only lias the nuralier thus reduced (2, 3, 4, 3). 

Many birds have only three toes, by su])pression of the 
hallux. In ilie Oslricli, not only tlie hallux, but the phalanges 
of the second digit, are suppressed; and the distal end of the 
second metatarsal is reduced to a mere rudiment. Hence the 
ostrich has only two toes (which answer to the third and fourth 
of the pentadactyle foot), with four jihalanges in the inner and 
five in the outer, though the inner toe is far the longer and 
the stronger. 

In most four-toed birds the hallux is turned more or less 
completely backward, and the otlicr three digits forward. But 
in many Aetomorphm (especially the Owls), the outer toe can 
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be turned outward, or even backward, at will. And in the 
Parrots, Toucans, Cuckoos, Woodpeckers, and other so-called 
“ scaiisorial ” birds, the outer toe is permanently reversed. 
Under these circumstances the distal end of the outer meta- 
tarsal may be divide! into two distinct articular surfaces. In 
tlie Trogons, there arc two toes in front and two behind, as 
ill the Parrots, but it is tlie second toe which is turned back- 
ward. Lastly, in the Swifts, the JJysporomoi^phce and the 
Sp/ienise(miorphm^ tlie liallnx is directed more or less forward, 
so that all four toes are turned to tlie front. 

As a general rule, tlie ossixnis tissue of birds is remarkably 
dense and hard. Pefore hatcliing-, the bones are solid and 
filled with vascular iTiedulla ; but, after birth, more or fewer 
of the bones arc alw ays excavated by prolongations of cavities 
containing air, which lie in their iHiighborliood. Such air- 
cavities arc ahva3^s found in the skull, ia connection \vith the 
nasal and auditory passag'cs, and they may extend through all 
parts of the skull, with the exception of tlie jugal arch. In 
many birds, such as the Aptenp:., Penguins, Divers, Gulls, and 
tlie smaller song-birdvS, no other bones than those of the skull 
are pneumatic; but, in most birds, tlie air-sacs of the lungs 
send oiF prolongations into the bones of the rest of the sk(de- 
toii, and thus the wliole skeleton in some cases (as in the 
IJornbills) becomes pneinnatic. It is proper to remark that 
the amount of puou mat icily of the bones by no nioans follows 
the development of the power of llight. In tlie Ostrich, for 
example, the bones are far more extensively pneumatic than 
in the Gull. 

In some cases, prolongations of tlie air-sacs extend beneath 
th e in tc^gum cn t . 
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Tue most important deviations from tlie ordinary arrange- 
ment of die iiuisonlar system occur, as miglit bo expected, in 
the Oplddia^ ill die Chclonia^ and in In the first-men- 

tioned group, the nnuK'rous muscles of the limbs arc, cd' course, 
absent, and the mobility of the vertebra?, ribs, and jaws, is ac- 
companied by a coiTespoiiding ditrerentiation of tlie muscles 
of those parts. 'J^he cpiskeletal muscles form a continuous 
scries (divisible into spmalis^ semiapinaUs^ longissirmis dorsi^ 
levatores coHarum^ and other muscles) from the end of the tail 
to the head ; and, in the region of the back, constitute a thick 
mass whiijh extends outward to the ends of the caudal ribs 
(the so-called transverse processes), and over the dorsal thirds 
of the other ribs. Ih^yond these points it is continued, as a 
thinner layer of muscular fibres, over the ventral half of the 
tail and trunk, passing from rib to rib in the? latter region, 
where the more dorsal fibres are directed obliquely, only a 
longitudinal band running along the extremities of the ribs 
ami repn^seuting a rectus ahdonii)iis. This muscle is contin- 
ued forward to the hyoidcan apparatus, and thence to the 
mamlible. Superheial muscular bundles pass from the ribs to 
the scales. The liyposkeletal muscles are bettor developed 
than in most oilier Vertebrata^ and also extend from the head 
to the end of the tail. A median dorsal set are connected with 
the subvertebral proccssi^s in the trunk, and with the bases of 
the representatives of tin? ciK^vron-bones in the tail, and pass 
to the caudal and dorsiil ribs. One set of these, in the trunk, 
act as retractors of the ribs. Tlie muscles which correspond 
with the transversifs abdominis commence in the tail by trans- 
versely-directed bundles of fibres, which arise from the roots 
of the caudal ribs (transverse processes), and meet in a median 
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aponeurosis. In tlie tnuik, similar bundles arise from the 
under surfaces of the ribs, and form two layers of obliipie fibres, 
which also meed in the middle line. 

In the Chelonla^ the episkeletal muscles are always weakly 
develo|)od, and may be altogether abortive in the dorsal region, 
while tliose of tlic abdominal walls arc small, Tlie recti are 
very weak, but muscles ans^vxn•i^g to i\\Q pyramidal es extend 
from the pubes to the inrKu* surface of tin? plastron. A rruis- 
cular expansion analogous to a diaphragm may be^ attached to 
the bodies and ribs of the tliird and fourth dorsal vertebra^, 
Avlience it expands over the surface of tin? lungs. Xo muscles 
pass from tlie head to the shoulder-girdle. 'I'lie pectoial arch 
is protracted, and the neck retracted, by a Tmis<‘lo attached to 
the cervical vertebraj and to the procoracoid. Tlune is also a 
single retractor of the pectoral arch., appannilly rojiresenting 
a serratus yriaynns^ and passing from the first costal plate to 
the scapula. The pectoralis major arises from the inner sur- 
face of the plastron, llie repres^entativc; of the latlssinais dor- 
si arises from the iiiiux side of tlie first costal ]>late. 

The cutaneous muscles of birds are well developed, and 
form broad expausioris in various [larts of the body. Sjiecial 
bundles of muscular filires pass to the great quill-fcathcXwS of 
the tail and wings, and others to the pafayium^ a fold of in- 
tegument which extends Ixdween the Ijamk and tlio liracdii- 
um b<iliind, and bctwi^en the bracliiinn and antc-brachium in 
front. In correspondence with the slight mobility of the dor- 
sal vertebra', the e[)isl«d(‘ta] and hyposkelcdal miisdes of the 
spine attain a consideralilo development only in tlie neclv and 
in the tail. Owing to the groat size of the sternum, tlie ab- 
dominal muscles are usually small, and the internal oblique 
ma}^ bo abst'Tii. A diaphragm, consisting of bundles of mus- 
cular fibres, which jiass from the ribs to the aponeurosis cover- 
ing the ventral face of the lungs, is developed in all bii-ds, but 
attains the greatest degree of completeness in the Ilatila^^n wd 
espcM'ially iu Apt(yr-yx, 

The muscles of the limbs arc remarkably modified by the 
excessive dcvelo 2 :)ment of some of those found iu otlier Verte- 
brata^ and the suppression of others. 

Thus in all birds possessing the power of flight, the pec- 
toralis 7najo)\ as the chief agent of the doAvriward stroke of 
the wing, is very large and thick, taking its origin from the 
whole length, and a great part of the depth, of the keel of the 
sternum. 
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The olevaiiou of the wing is chielly elTccled by the pecV'h 
rails tertiu>% which arises beneath tlio" foregoing muscle, and 
pas8(‘.s over tlie inner side, of the scapuloconi(X)id ariieulatioii, 
as over a pulhw, to reacli tlie huriierus. The muscles of the 
i’orearni and digits arc reduced, in acrordan<?e with the pecul- 
iar rnodilication of tlic skeleton of these parts. In the hind- 
limb of iiiost birds there is a singular extensor muscle, wdiicli 
arises from the j)ul)is, ends iu a tendon wdiich passes to the 
outer side of the kn('(*-j{>iiit, and terminates in the leg by unit- 
ijig witli iho jleu'or digit oruiti ptrjorattis. The result of il)is 
arrangement is, that the toes are Hexed wJieiiever the leg is 
bent upon tlie thigh, and, eonseqnently, the roosting bird is 
held fast upon his pei-eli by the w<‘iglit of his own body. 

In all tlie Sauropslda the eerebro-spinal axis is angulated 
at the jnnetion of the s])inal cord with the nuMlnlla oblongata, 
the latter beifig l)ent down, toward the vcmlral side of the 
body. The region in wfiieh the ncrv(\s of the anterior and 
])osterior ext remit j<\s originate may l>e enlarged in reptiles, as 
in birds ; but, in ili<* former, tlie poslf'rior columns of the cord 
nniiaiii f)arall<d in tlic lumbar enlargenumt, %ylji]e, in the lat- 
ter, tliey di\'ergc and give ri.s(‘. to the sinus rhomholdalls^ 
which is a sort of r(q)otition of the fourth ventricle, the dilated 
cxmtral canal of tlu3 s])iiial cord being covered merely by a 
thin membraiKj consisting ehietly of the ej>endyma and arach- 
noid. 

The brain (Fig, 00) fills the cavity of the skull in tlie 
higlier ^^aurojisl</a^ ami presents a. w'cll-develojied cerebellum ; 
a mesem'Ophaion dividixl above into two optic lobes; and 
relatively large jn'osmicopdialic hemisplicres, which attain a 
oonsiih ‘raider size in Orocodilla and ylrcs, but newer conceal 
the ojitic lohi's. In i/rorodllla the c<‘rcb(dliun presents a dis- 
tinct vermis, w ith transverse iissnres. In birds the latter are 
more distinct, and the lateral appendages of the cerebellnm, 
or floccuH^ become well dehmal, and are lodged, as in many 
of tlic lower Mamraalla^ in cavities of the side w alls of the 
skull, arched over by the anterior vertical semicircular 
canal. 

There is no pons YarolU^ iu tlie sense of transverse fibres 
connecting the two lialves of the cerebellnm, visible upon tlio 
ventral surface of tlic mcseiice|)ha,lon. The optic lobes con- 
tain ventricles. In HeptiUa^ the optic lobes usually lie dose 
together upon the dorsal side of the mesence[)halon, but in 
Ai^es (Fig. 90 B, D) they are thrown down to the sides of the 
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jP:n. 



Fio. 90. — A, 0, tJie brain of a JA/Aivii {Pf amTnomnrm Ben(falenHiS\ and B, T>, of a binl 
{^MeleagH.H gaUopavo^ tlio T<Lrkc>0i drawn as if tfiey wore of equal A, B, 

viewed from abov<*; C, 1), from i ho left side. OllUctory 1ob(!s; P/f., Bineal ffland; 

eorebral hemiapben's; xVf>., optic lobes of the mid-brain; cerebellum ; M. 
. f>., medulla oblonjiatu; ii,^ iv.^ vi.^ second, fourth, and sixth pairs of cerebral nerves; 

Py., itituitary body. 

base of tlie brain, and are coiui(H*ted o\an* the 
Si/IvU by a broad commissural band. 

Each prosencoplialic lolio contains a lateral venlriclo (con- 
tiiinous throiijj^li the foramen of Munro with llie tliird ven- 
tricle), which is little more than a fissure between the very 
thill inner wall of the lobe and its thick outer part, which con- 
tains the corpus striatum. I'hc corjiora striata arc united by 
an anterior commissnre, which is not of largo sizih The thin- 
ning of the inner wall of the lobes, from the margin of the 
foramen of Munro backward, which gives rise to tlie fissure 
of Bi(di;xt in tlie Afamiiicdht^ extends for a very short distance 
in the t^aitropslda^ even in birds. 

Tlie olfactory lobes are usually elongatod, and contain v^entri- 
cles (‘continuous with those of the prosenccfilialic liernispheres. 

In all Semropmda the motor nerves of the tongue pass 
througl) a foramen in the exoccipital bom^. Hence, twelve 
pairs of cranial nerves are present, except in the Ophidia^ 
which possess no spinal accessory nerve. 

The lateral cutaneous branches so generally sent to tlie 
trunk by the pneumogastric in the Idithyopdda are absent, 
but the pneumogastric gives a recurrent brani^li to the larynx. 
The third, fourth, and sixth nerves arise quite independently 
of the fifth. 
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The S3 in pathetic is well developed, except in the Ophidia^ 
wlicn^ it is not distinct from the spinal nerves, in the greater 
part of the trunk. 




Tho letters as in ilio procecTmir figure, except L. t., liimina terminnlis, or anterior wall 
of the thlril ventriele;/, .^V., foramen of a., anterior eoiiimissuro ; T/i, thala- 

inoneephalon ; soil commissure ; />., posterior commiasure; iv., indicates the exact point 
of exit of the fourth pair from tliat part of the bruin whicli answers to tho vuluoor Vieusseiis. 


Tile Oph idki^ iruiin^ Saitrla^ and^li?^'?, possess nasal glands, 
which, in birds, attain a large size, and lie more usually upon 
the frontal bone, or in tho orbits, than in the nasal cavity. 

The eye, rudimentary in some Ophldla and Lacertilia^ is 
usually large; and sometimes, as in many birds and in the ex- 
tinct Ichthyosaur ia^ attains very great absolute and relative 
dimensions. 
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In ihaOphiiUa and some Lacertllia [ihe ArniJiishamoldea^ 
some Scincoidea^ all Asealobota)^ the integument is continued 
over tlio eye, and becomes ti-ansparent. Tliesc reptiles are 
commonlysaid to posst^ss no eyelids; but it must bo remarked 
that this is not true ot tliem in the sense in wbich it is true of 
most osvseous fishes, as the trail sj^ni’ent covi'ring of the eye 
really represents the tAVO eyelids of tlic higher V'ertehrata^ and 
is separat(3d from tlie eyeball by a chambei* lined by eonjuno 
liya, whieli comnmiiicates with the nose liy a lachrymal canal. 
In the other Sauroiyslda two lids ar(3 devidoped, and eaeli 
generally possesses a special palpebral niiisc-le, which acts as 
an elevator of the n]) 2 >er, and a de[)rcssor of tin? lower, lid. In. 
some tluj middle of the Jow'er lid is .transparent. 

In many Lacertllld it contains a cartilage f>r an ossification. 

Most lizards, all Clielonia^ Croeodiila^ and Aves^ possess 
a nictitating' membrane moved by special musides, av idcli pre- 
sent tl irec d i Ih aen t a rra ng( an e i its. 

Ill tlio lizards a short thick nmscle (bursaUf^) is attached to 
the inner and posterior Avail of the orbit, and ends in jl (ilirous 
sheath. A tendon, one end of AAdiieh is attmdied to the ])r(‘- 
splienoiclal region of th(‘ inner Avail of ilio oihiit, pr'tsses liaek- 
ward through the sheath, and th<;*n forward to l)(‘ altat'heil to 
the nictitating nuanbraiio. AVh(»n tlie muscle coni rads it 
necessarily pulls the latter over the eye, A Ilardei ian gland . 
is alvA’ays developed, and a lachrymal gland Aa*rv generaJly, 
though not alAvays. 

In tlic (JhePmia^ muscular fibres (fonning tin; so-called 
pyr(imidalls muscle) arise from the intu'r side of the eyeball, 
and, arching over it and tiu; optic neiAO, are inserted partly 
into the outer edg(3 of tlie nictitating meml^rane, partly into 
the lower eyelid. The VrocodUla have a /u/>7/v>A'V/ry/<‘.9 imisele 
taking the same origin and course ; but it sends no fibres to 
the lower eyelid, its tendon ])eing insin ted altogether into tlie 
n i c t i t a ting nm m bran e. 

The third arrangement, Avhich in a manner combines to- 
gether the first and the second, is that seen in birds. A py- 
ramidaUs muscle arising from the inner and under surface of 
the eyeball, soon ends in a tendon which SAveejis round the 
upper and outer surface^ of the siderotic the nictitating' 
membrane, as in the crocodilevS. But tlier(3 is also a hurmlis 
muscle, Avhich however arises, not, as in lizards, from the Avail 
of the orbit, but from the upper surface of tin* sclerotic itself, 
whence it passes backward and ends in a fibrous sheath Avhich 
encloses the tendon of the pyramidf (Its, The contraction of 
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this inusclo neccvssarily toTids to draw the tendon of the py- 
rcimukdii^ away from the optic nerve. A tubercle is some- 
times diiV'clopod from the sclerotic above the entrance of the 
o|)tic nerve, an^l prevents the tciudon of the pyrarnidalh from 
shiffing* forward and inward. 

The eyeball is always ]iioved by iour recti and two ohllqnl, 
TIk* superior oblique does not pass over a pulley. The Ohe- 
Ionia and most LacertWa have a more or less completely de- 
^ elopcd retractor, or clioanoid, muscle. 

A ring formc^d of bony ])lales is dcvelo])cd in tlic fore-part 
of the sclerotic in JjacertUia^ Chelonki^ Jchthyosaiiria^ 1)1- 
cynodonthi^ lkn'omnria^'<\\\{\ l^vit not in Ophidla^ Plcsl- 

omvrUi^ or Crocodllia. 

TJie iris and the tensor ehoroldel contain striated iiiuscu- 
lar fi bi ’CS. 

A pecton is very genoi^ally developed. Tt attains a laigo 
size, and bec(.)mos inucli plaited, in most 

Only Vroi'odilla and /I ce,s' possess a riidiraent of an exter- 
7ial ear. 

The Ophhlla and the Aniphlshmnolilea have no tym[)anic 
cavity. 3n some Chelonia,^ in ^phcnodon^ and in the Chaitim- 
hunis, the tyin[)anic Tnenibrane is cov'ercd bv the integument, 
but a tyinpanie. cavity exists. In Jjaeerttlia^ the tympanic 
cavities conmmnicatc by wide optuiings with the pharynx; 
but ill Gfielonia^ CroeodUla^ and yhnjSy the communicating 
passages, reduced in size, become Eustachian tubes. In tlie 
Chelonia^ tln^se curve backward, downwar{l, and inward, 
round the qinnlnitc bones, and open separately on the roof of 
tiie mouth. In the Vrorodllla there ar(‘, as has been descri!)ed 
above (p. 219 ), ihri'c Eustachian tu})es — one median and two 
lateral. In ylc<;\s*, tliin-o is but one Ihistachlan apei ture, an- 
swering to the median of the GrocnnlUla; and, as in the latter 
group, ea.(;li Eustachian tnbe usually traverses the osseous 
base of the skull, to join with its hallow in the common aper- 
ture. 

The stapes is a col uinelli form bene, tlie outer end of which 
is attached to the tympanic nKmibrano, where the latter is 
dev'eloped ; but lies among tlie muscles ndien there is no tym- 
panic cavity. 

All Sauropsida possess a fenest/ra rotunda^ as well as a 
fenestra avails^ and all have a cordilea, which is never coiled 
spirally, and is more rudimentary in the Ghelonia than in 
other groups. Three semicircular canals, an anterior and 
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posterior vertical, and an external liorizontal, are connected 
with the ineinbranous vestibule. In the anterior vertical 

canal is very large in proportion to tlie otliers, and the adja- 
cent crura of the two vc‘rtical canals overlap before they unite 
with one another. 


Labial and buccal glands arc developed in some /SV/ZY/’o/^vV/r^, 
and one of them, on each vside, athiins a large deve‘]opjnent in 
the poLson-glands of the venomous snakes, AVell-d<*velop(Hl 
sublingual, subinaxiKary, and parotid glands app(‘jtr in Birds, 
and the sublingual glands attain an immense in the W'ood- 
pecker. The tongue varies greally, being* sometimes obsolete^ 
as in the Crocodile and some birds (e. g*., the Pc'licaiivs), st»me- 
times liorny and evam spinose, sometimes fleshy. In the 
snakes, and some lizards, tlie t.ongue is forked, and capabh^ 
of retraction into a- basrd slieatb. In the Cliamieleons, it is 
clubbed at iis (extremity, and can be r<dracted or j)rolruded by 
the invagination or inversion of its hollow si(mi. 

The aUmentary canal of the jSaurojhSH/a is g(ai<.‘rally divldccl 
into an (.esophagus, a simple stoma(.*h, a sniall intostijio and 
large inb'siiiu', whidi last always terminates in a cloa(.'a.. It 
is invested by a ])eritoij(ad coat, which gHanuaJly follows all 
the curvat;ui*es of the intestine. But in tlui Oj^hldla^ the folds 
of tljo small intestine are uniteki by iil)rous tissue^, and enclosed 
by a common sheath of perilomcunit. 

The stomach is usually a simple diialaliou of the alimen- 
tary caual, the cai’diae Mud ]ndoric ap(*vtures of wliic'.h are 
reniotc from one another; l)ut, in t]i(? (Voeodilcs, ajid in most 
Birds, the pj^loric and cardiac apertures arc approxima U hI. In 
many Crocodilia and .. I res, tlierci is a pyloric dilatation brfore 
the coinmeiK^einent of tlie duodenum. 

In the Croeod lU a ^ ajid in the walks of ih(> stomach 

are very inuscmlar, and the muscular fibres of eju^h side radiates 
from a C(mtra} iendon or aponeurosis. The thielcening of the 
muscnilar tunie of the stomach attains its maximum in the 
graminivorous birds ; and it is acconij)anied l>y the (ku'elojv 
rnent of the epithelium into a dense and hard coat, adapted 
for crushing tlie food of these animals. Birds commonly aid 
the triturating power of tliis gastric mill by swallowing stones ; 
but this habit is not (anilined to them, crocodih s having l)een 
observed to do the same thing. 

Birds are further remarkable for tiio dcvolojnnevit of a 
broad zone of glands in the lower part of tlie cesophagus, 
which is usually dilated, and forms a proventriealm^ connected 
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by a nari'ow iH^ck wilh tlie above-rnenb*oi)ecI muscular stomach 
or gizzard (f/if/ermm). 

Soiiio Ophhlia liave a caecum at tlio junction of the small 
iniestine ^vith llio large; and t.vvo such emea, which sometimes 
atlaiu a largo size, aia? very generally developed in Aves. In 
tliis class also, llio small intestine, not un frequently, presents 
a Oieeal appendage, the renuiins of ilie vitelline duet. The 
duodenum of Jhrds constantly makes a loop, within which the 
pancreas lies, as in M(imriialia. 

Tlie liv(T in tla^ Sauropsklti almost always possesses a 
gall-bladder, Avhich is usually attaclied to the under surface 
of the riglit lobe, Init in tluj OpJddia is removed to some 
distance iVom it. 

A piicnliar glandular sae, the Jlurm Idahrlcn^ opens into 
tlio anterior and dorsal region of the cloaca in birds. 

Three forjns of heart are found in the /^(iffTOpsida, The 
fii’st is that observ(Ml in th <3 (Jhelo/iia^ Tm< ertilia^ ami Ophid- 
ia * the second, that in the (}rorodMia ; and the third, tliat 
in 

1. In the C/fdorda,, Lav.eritUcf^ and OpJddia^ ilicre are 
two auricles. Gxuierallj', a distinct ^rmis veno^^ifS^ with con- 
tractile walls, and coirnmmicatiug* by a valvular aperture with 
the aurifle, rc‘ceives tin? blcKul fj-om Ihe ventr. cav(t\ and pours 
it iuto the right a.ui icle. Hlie pulmonary veins usually open 
by a corn moil trunk into the left auricle. 

The intcranricular septum is rarely (in some Chelonia) 
perforated. Its ventri<*ular e<lgc spreads out on each side into 
a broad iiiemliranous valve, the edge of wln’cli, during tlio 
systole, haps against a ridg(‘, or fold, de\'elo}axl, on one, or 
bolli wsides, from tin? margin of the auriculo-veni ricular aper- 
ture, and eonslituling a rudimeut of a second valve. Tlio 
ventricle contains only one cavity, but that cavity is im- 
perfe(?lly diviilod into tu o or throe i*haiul>ers, by septa deved- 
o|)ed from its muscular walls. 

In the Turlle (Fig. 92), a partly muscular, and partly carti- 
laginous, sojitum extends from the front wall of th(? ventricular 
cavdty toward its liglit-hand end. It imperfectly divides the 
common ventricular cavity into a right sjuaJl, and a left largo 
moiety. The latter of Ihi'se receives tin? blood from the auri- 
cles. In consoquoiico of the elongated form of the veuti'icular 
Cfivity, and the proj(?ction into it of the large auriculo-ven- 
trieular valves, especially of that of the right side, this left and 
larger moiety of the common ventricle is virtually divided into 
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two, a left and a right, at tlie time of the auricular systole. 
'Pile left portion becomes tilled with arterial blood from the 
left auricle, and is distinguished as tlic eaviim arterkmim / 
tlie right receives the venous blood from the riglit auricle, and 
is the cavmn venosum. 

•No. arterial trunk arises fnmi the Init 

two arterial trunks arise from the riglit-hand end of the cav wn 
venosipni * these are tlic two aortic ar(*lies. One of these 
passes to the left and the otlier to the right side, and they 

A. 



n. 



Tig. 'J2. — The lleai-t of a Turtle {Chehme 'nviduii ). — a tlruwinjx from nature r the ventral 
flee of the ventruMe bein;^ hiul open. Ji^ a diasrraui expl.inatoiy of the arrnn^nMnont of 
the cavities and vessels. A’. A.^ L. rT«rht and left, aurieles. vr, ,r, arrow s [Wac'od iu 
the auriculo-vcjitrieuJar apertures to indi«*:ite the course of the hlood at tin* amit-ular 
systoh^. T, the rijfht, and rS the l,eft iricdian aiuiculo-ventrieiilar valves. C'. r.. canmn 
venosum, C. y>., eamnn piilmd/utle. o, tlje tncompli-to se.jUum which <iivide.s tlie 
cuvum pulmorutle from the rc.st of the c.avity of tho ventricle. I*. A., pulriioitary artery. 
R. Ao.^ L. Ao,^ li^ht and left aort:n. arrow showing the course of .the ]>lood in tha 
left aorta: if, in the right aorUi; . 1 ?, in tho pulmonary artery; /a between tho ramim 
venomum and cavutu pulmonale ; in the loft, and a\ in llio rlgh.t aurioulo-vontricular 
aperture. 
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cross oiiB ar)otlu*r as they do so, because the origin of the left 
arch lies more to the right than does the; origin of the right 
arch. The ostia of botli arches are guarded by semi-lunar 
valves; and that of the left arch is placed below and to the 
right of tliat of the right arch. As uo arterial trunk arises 
from tlie cavtan arterlosum^ the red blood can be driven out 
of the latter, during the systole, only i nto the cYctu/m venosnm. 

right, com])aratively small, moiety of the veutriele 
is separated from tlio crnmni venoaiuri by tlio already-men- 
tioned sopiurn, wliich is attached between the origin ol tlie 
h^fi aortic arch and that of tlie piilmoiiary artery, its free edge 
looking toward the dorsal face of the heart. Thus the pul- 
inonarv artery arises fnjm what is, virlually, a separate sub- 
division of the ventricle, or a aitnim pidmonale. 

When the systole of the ventricle takes place, tlm practical 
result of these arrangemeids is, tliat ihe piilinonary artery, 
and the aortic arches, at first, receive wholly venous blood 
fioin the Cffvum ve)tosinn and cainan puhnonale. But as Ihe 
arterial blood of tlio cavuni arterlom.in is driven into tlie 
cavimi the venous blood of the latter tends to bo 

excluded from the moutlis of the aortic arches, and to be 
driven into the cavum indmonale^ while the aortic arches 
receive arierialized blood. The left arch receives a larger pro- 
portion of V(.*iious blood than the rigid. As tlu) ventricle 
contracts, the free edge of the muscular s()pluin ayiproaches 
t he dorsal wall of tlie ventricle, and gradually closes the access 
to the cavimi pidiyumale^ which thus ilnally expels the venous 
lilood whiclx it reiYvived from tlie cavum x:enosum^ but admits 
none of the arterialized blood ; consequently noixe of this 
reaches tlie lungs. 

2. In the CrocodUla^ the cavum v.enomm and tlie cavimh 
arterloHum are converted into peife(dly distinct right and left 
ventricl(*s. The right ventrir^h; gives oil the pulmonary artery, 
and, in addition, an aortic arch whicli crosses over to tlic^ left 
side. From the left ventrielc only a single trunk arises, and 
this, crossing to the right side, becomes the right aortic arch, 
of iririch the dorsal aorta is the direct coiiliimation. The walls 
of the two aortic arches are in contact where they cross one 
another ; and, at this point, a small aperture, situated above 
the semilunar valves, places the cavities of tlie two arches in 
communication. 

Thus, in the Crocodilhi^ the venous and tlio arterial cur- 
rents communicate only outside the heart, not within it, as in 
the foregoing groups. 
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The septum of the caviim pulmbnale remains as a small 
muscular band, and the fold of tlie outer lip of eacli auricolo- 
ventricular aperture lias become a distinct meinbranous valv^e. 

3, In Avcfi, the veriouB and arterial blood currents coni- 
inuaicatc only^ in the pulmonary and systemic capillaries. The 
auricular and ventricular septa ar(3 complete', as in th<^ Croco- 
dUia * but the rig-ht ventricle gives olf only the pnimonnrv 
artery, tlic left aortic arch having disappeared. I'lie septum 
of the cavuni pulmonale becomes a great rnuvscular fold, and 
takes on the function of an auriculo-ventricniar valv e. At the 
origin of tlie pulmonary artery, and at that of the aortic arch, 
throe semilunar valves arc developed. 

In lleptiles tliere arc usually only two aortic arches, one 
on (3ach side, answering to the fourth pair of arches of the 
em1)ryo. The right gives off the carotid and subclavian 
arteries, and passes directly into the tiaink of the dorsal aorta. 
The hift eomnionly givOwS oft‘ visceral arteries, and beconu'S a 
good deal diminislKid in size before joining the common trunk. 

In many JjacevtiUa^ four aortic arelies (answc’j-ijig to the 
third and fourth pairs of the eml)ryo) persist, two anbuior 
arclies, from whicli lh(3 carotids are givcm oil, springing, l)y a 
coin moil trunk, from the I'ig-lii ordinary aortic ardi. 

In tlie .Ueptilia^ most of the blood of th(3 hind-Iiml)s and 
tail jiasses through one or other of two ‘‘portal systems ’’ 
befor(3 li'.cliing the lieart, the one portal syst(*m lying in the 
kidney, ihe otlier in the liver. The portion vvhic^h g’oes to the 
liver is cari-ied (o it mainly by the anterior a])dominal veins, 
which are represented ly t wo trunks in most /iV/>b7d/, liy one 
in the Ophidla. 

In Aves there is no remd portal syst(3ni, and the autenor 
abdominal vein 0 |)cns into the infcTior vena, cav a close to the 
heart. Neveriludess a median tnnik, whicli is given off from 
the caudal vein, carries a consuh^ralilo pn^portion of its blood 
directly into the hepati<* ])ortal systenu 

All the Sauropslda poss'css a larynx, a trachea, and one 
or tw.o lungs. The bronchi do not divide dicliotomously, as 
they <lo in Mammalia. 

In Chelonla, and CroeodlMa tlio larynx consists of a cir- 
cular c;artilagc apparently (•on*esponding with both the tlyroid 
and the cricoid of the liigher Vertebrata ; and of the arytenoid 
cartilages, ariiculatiMl with its anterior and dorsal edge. 

The Itaeertilia liav^(3, for the most part, a similar larynx, 
but the circular cartilage is often intcrrnpb'd by round, or 
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elongated, membranous fontanolles. In tlic Chamieleons, tlio 
miiooiis membrane of the larvnx betvveen the cii*CAilar cartilage 
and the lirst ring of the traclica protrudes in the form of an 
air-sac. 

In the Amphisbm}ioideay and in the Ophldla^ the skeleton 
of the larynx consists of two lateral longitudinal bands of 
cartilage, united hy Irorn four to sixtcxni transverse bands. In 
other words, the structure which answers to the circular carti- 
lage is greatly elongated, and has many transversely-elon- 
gated fontanolles. There is a single aryteiK^id cartilage, 
which is soinetiines rc])resentcd by a process of the anterior 
dorsal margin oi’ the circadar cartilage. An epiglottis is rarely 
present. 

In Birds tln.re are distinct thyroid, cricoid, and ar 3 't('noid 
cartilages, whlcdi may be more or less completely ossified. 
Soinetimes an cj)iglottis is add(‘d. 

Tlie voice of Bir<Ls, hownn^cr, is not formed in the larynx, 
but in the si/rhix^ or lower larynx, an hicli may be developed 
in three positions : 1. At the l^ottom of the trachea, from tlie 
trachea alone. 2. At; tlie jimctiou of the trachea aiul bronchi, 
and out of botli. 3. In tlie bronchi alone. 3'he syrinx may 
bo altogether absent, as in tlic Jlatitm and the Cathartldw^ or 
Americ 'an vnl tui-(^.s. 

The commonest form of syrinx is the second inontionod 
al)Ove, or the syrhix. It is to bo mot with in 

all onr common song-birds, but is also completely developed in 
many birds, siicli as the crows, whicli have no song. In its 
oomnionest (X)ndition this form of syrinx ]>rosents the following 
charact ers : Tlie hindermost rings of the tra( 3 hea coalesce, and 
form a pecnliarl}' -shaped cliain]>er, the t]/ mpanmn. Iminedi- 
alely beyond this, the broiiclii di\'erg'e, and from their yiosterior 
wall, whefe one bronchus passes into ili<^ other, a vertical fold 
of tlie lining membrane rises, in the middle line, toward the 
tympanum, and forms a vorl/ical septum between the anterior 
apertures of the two ])ronc])i. The anterior edge of tlii^ 
septum is a free and tliin membrana scnddimarls^ but in its 
interior a cartilaginous or osseous frauKi is dcA^cdoped, and 
becomes united with the tympanum. Tlie base of the frame 
is broad, and sends out two cornua,, one along the ventral, and 
the other along tize dorsal, edge of the inner wall of the bron- 
olms of its side; which, in this part of its extent, is inembra- 
nous and elastic, and receives the name of the membrana tym^ 
pan I for mis interna. 

The bronchial rings ” opposite this are necessarily in- 
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complete internally, and have tlio form of ai’ches embracing 
the outer inoi(d:y of the bnmehus. The second and third of 
these bronchial arcs arc freely movable, and elastic tissue, 
accLimulated u|K)n tlieir inner surfaces, gives lise to a fold of 
the mucous membrane*, wliieh forms the outer boundary <;f a 
cleft, bounded, on the inner side, by the membrana semilmia^ 
ris. ^riie air forced throug'h these t^vo clefts fioin the lungs 
sets iiieir elastic iiiargins vibrating, and thus gives rise to a 
musical note, the eharacter of whicli is cliicfiy determined by 
the tension of the elastic margins and the length of the tra- 
ehoal column of air. The muscles, by the contraction of which 
these two ffudors c^f the voice are modified, arc extrinsic and 
intrinsic. The former are possessed by birds in general, and are 
nsually two pair, passing from the trachea to the fureiila and to 
the sttn'iiurn. Some birds possessing a broncho-tracheal syrinx 
such as luis be(*u dosciil )ed, as the A lectroyriorji>h(r\ Chenoniorphm 
and J}ps 2 yjyomorpha\\u\.\o no intrinsic muscles. ?lost otlau'S 
have one pair, attached, one on eacli sid(‘, lo the rings of the 
trachea above, and to th(i tympanum, or the proximal bronchial 
arcs, below. The majoi ity of the VoraeortKn'plm have five or 
six pairs of intrinsic syringeal muscl(‘S, wln\-h pass from ilio 
tracbea and its tyinpanmn to the moval)le bronchial arcs. The 
Parrots liave^no S(‘ptuni, and only (hree pairs of intrinsic 
muscles. 

The trarheal syrinx oecairs only in some .American Cora* 
eomorpito , The liind(*r end of the trachea is flattened, and 
six or seven of its rings al>ovc tlie last arc interrupted at tlie 
sides, and held together by a. longitudinal ligamentous l)and. 
These rings are excessivc'ly delicah', so that this part of the 
trachea is in great part inernlvranous. 

The broneliiid syrinx occm*s only in fStentornis^ and Cro* 
tophaya^ 

In the genus aTnong the Chelonia^ and in some 

species of CrocorUhis acutus^ o.. trachea is bent 

upon itself. Similar lle*xurcs attain an extraordinary develop- 
ment in many birds, and may lie outside the tliorax under the 
integumcTit ( iiroyaUus^ some species of CV/:/;v*and .7^^- 
nelopKi) ; in the eavif y of the thorax (some Sj^oonbil ls) ; on the 
exterior of the sternum (some Swans and Cramps) ; or even 
in a sort of cup formed by the median process of tlie furcula 
(the Guiivca-fbwd). In the Emeu some of the rings of the 
trachea are incomplete in front, and bound the a[>ertnre of an 
air-sac which lies in front of the trachea. Some birds {Apte* 
nodytes Procellaria) have the trachea divided by a longitu- 
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dinal septuni, as in Spharf/is among the Chelonia. The tra- 
cheal tympanum is greatly enlarged in Cephalopterus^ and in 
many Ducks, Geese, and Divers ; and in these aquatic birds 
the enlargement is more marked in tiie males, and is usually 
asymmetrical, the left sidci being geiun-ally the larger. 

Ill the Ophidia^ the bronchus opems at once into the lung; 
and the latter is an elongated sac, the walls of which are pro- 
duced into numerous septa, which render the cavity highly 
cellular near the bronchus, while, at the opposite end, they 
become smooth and but little vascular. lu this latter region 
the lung may receive its blood from the systemic and not 
from the pulmonary ciriaihation. The lungs are always un- 
equal in size, and the left is usually tlic smaller. Very fre- 
quently, especially among the poisonous snakes, one lung is 
rudimentary or altogether absent; and tlie posterior ])orlion 
of tlie tradica may take on the structure of a lung. 

The lungs of IJzards much rcsemlde those of the Ophidia^ 
and they are elongated and unequal in size in tlie snakolike 
.Lare?dilia, In the ordinary lizards ihe^y are more rounded 
and the trachea and bronchi are shorter. In many (yhama> 
h>onvS, aiid in some G(?<tkos, the posterior half of each lung is 
produced into narrow diverticula, which lie among’ the abdomi- 
nal viscera, and fon'shadow the air-sacs of birds. 

In the Croeoddia eacli bronchus traverses its lung, and at 
first retains, but soon loses, its cartilaginous rings. Lateral 
apertures in the walls of the bronchus lead into sacculated 
pouches, each of whlcli rescmlih^s the lung of an ordinaryLa- 
ceriilian. 

Tlie Chelonia have similar lungs ; l)ut while, in the fore- 
going grou[)s, the two lungs are free and invested on all sides 
by the jiorilonamm, in tliis they are fixed against tlie inner 
periosteum of the earn puce, and are covered by peritonmum on 
tlieir ventral face only. This rtNsemblance to the arrange- 
ment of the lungs in birds is increased by the presence olP a 
muscular diaphragm, the fibres of which spread over the ven* 
tral faces of tin? lungs. 

In Aves the lungs are iirmly fixed on each side of f hc ver- 
tebral column, the dorsal surface of each lung being moulded 
to the superjacent vertebnm and ribs. Tlie muscular fibres of 
the diaphragm arise from the ribs outside the margins of the 
lungs, and from the vertebral column, and end in an aponeu- 
rosis upon the ventral surface of the lungs. 

Each bronchus enters its lung nearer tlie centre than the 
anterior edge ; and, immediately losing its cartilaginous or 
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bony rings, dilates, and then traverses the lung, gradually 
narrowing, to the posterior edge of that viscus, where it ter- 
minates by opening into the posterior air-sac, which generally 
lies in the abdouieii. From the inner side of tlie broiu^hus, ca- 
nals are given oF, one iit^ar its distal end, and otlieis n<air its 
entrance into tlic lung, wliich pass directly to the ventral sur- 
face of the lung, and there open into other air-sacs. Of those 
there are four. Two, tlic anterior and the posterior thoracic^ 
lie on tlie ventral face of the lung in tlie thorax. The other 
two are situated in front of its anterior end, and arc extra- 
thoracic. The external and suj^erior is the cervical^ the inter- 
nal and inferior, the hUterelavkudar, This histiuiites into one 
cavity with its fellow of the opposite lung. Thus there arc 
altogether nine air-sacs; two posterior or abdominal, four 
thoracic, two cervical, and one intorciaviciilar. Other large 
canals given olf from the bronchus do not end in air-sacs, but 
those winch pass fnnn the inner side of the bronchus run 
along the ventral surface, and those on the outer side, along 
tlie dorsal surface, of the lung. Here they give oF, at rigdit 
angles, series of secondary canals, and tliese similarly emit 
slill smaller l<?rtiary canals; aiul thus tlio wliolo sulistance of 
the lung becomes interpenetrated by iubuli, ilio walls of the 
Finest of whi(?]i at‘e minubdy saccuialed. Thfi diFerent sys- 
tortis of tubiili are placed in commimicaiion })y iierforations in 
their walls. 

in most birds, the air-sacs (exce|)t the? anterior and pos- 
terior thoracic, wliich nev^er comniuiucato with any cavity but 
that of the lungs) are in connection with a more or less (ixten- 
sively ramified system of aii-j>assages, which may cxb.md 
through a great many of the liones, and even give oF subcu- 
taneous sacs. Thus the interclavicnlar air-sae generally sends 
a prolongation into each axilla, which opens into the proximal 
end of the humerus, and causes tlie cavity of that bone to be 
full of air. When the sternum, the ribs, and the bones of the 
pectoral girdle, are pneumatic, tlujy also recanve tlicir air from 
the intci‘clavicular air-sacs. The cervical air-sacjs may send 
prolongations along tire vertebral canal of each side, wh'ndi 
supply the bodies of the cervical vertebra?, and commnnicate 
with elongated air-chambers in the spinal canal itself. Wlnm 
the dorsal vertebne are pneumatic, they commnnicaf e with 
the system of the cervical air-sacs. The abdominal air-sacs 
send prolongations above the kidneys to Uk? saci-al vertebra? 
and to the femora, whence these bones, when tiiey arc pneu- 
matic, receive their air 
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The pulmonary air-.«?acs and their prolongations do not 
eoininuiueate with tlie air-cavities of the skull, wliich receive 
tlu‘ir air from the tympana and the nasal chambers. In some 
Ijirds, the air is c(mducted from tiie tympanum to the aiticular 
piece of the inandible by a special Ijou}" tube, the svphoniutti. 

In all tSauropsida^ the ureters open directly into the cloaca, 
which is provided with a urinary bladdt^r in tlic Jjaccriilia 
and the Chelonia^ but not in other Jleptilia^ nor in A:ves. 

Organs of copulation present themselves under three 
forms : 

1 . In the (Jhelonut^ the Crocodllla^ and the Ostrich, a siin- 
jtlc solid p(niis, grooved npoii its p)Ostei‘ior aspect, is attached 
to the anterior wall of the cloaca, and contains erectile tissue, 
in tlie ostrich this penis lies in a sac of the cloaca, into which 
it can be retracted somewhat as in the l\Icnotrcmata, 

2 . In many birds, sucli as i\\Q, JihcAd(i\ (Jasiiaridm^ Apterxp 

f/ula'^ Tlii((rnoniorphm ; ,Peneh>2)(\ iind among tlie Alec- 

tox'ornorp/ite 2 and in many ar juat ic birds, there is also a single 
penis altaelied to the front wall of the cloaca, grooved on its 
dorsal sid(', Jind snpp(>rt(*d by two fibrous bodhrs (a)at(.‘d wiili 
more or less erectile tissue. ]>ut the distal end of the penis 
is invaginaled, and the Involution held in this position, except 
during ereetiun, ])y an elastic ligament. 

o. In .Larertllla and Ojdildhi^ two copulatory organs arc 
developed at the sidcis of tiie cloaca. The integument is pro- 
long’ed inward, on eacli side, into a blind sac, which lies U2>on 
the inferior caudal muscles. The inner surface is often arxned 
witli spiny dcivelojmieuts of the epidermis, and presents a 
groove, wliicli is continued on the [larietes of Uio cloaca to the 
apen ture of the vas deferens. The Avail of the blind sac? con- 
tains erectile tissue, and it can be erected or retracted by ap- 
proj>r ia to m n scles. 
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The class Mammalia is divisible into the following groups: 

A. There arc large and distinct eoi'acoid bones, which articulate with the 
Rternuin. 

The Tiretors atnl the genital <hicts open into a cloacii, into which 
the urinary bladder Ims a separate opening. 

The ]H‘nis is traversed l>v a urethral canal which opens into the 
eloaea posteriorly, aii<l is not continuons with the cystic urethra. 
There is no vagina. 

The nianiTiiary glaiuls have no l(‘ats. 

L — OjiM'iiionKLiatri. 

1 . 3fon ob'onala. 

B. The coracoid bones are tmu’c processes of the scapula in the adult, sind 
do not arti(iulate 'with the st<‘rnuiji. 

The ureters open into the bladder; the genital ducts, into a nre* 
tlira or vagina. 

The cystic uretlna is coiitinnons witli the urethral canal of the penis 
Tlicrc is a single or a double vagina. 

Tlio inaiuinary glands have teats. 

A. The embryo does not liceoine connected witli the wall of the 

uterus by an allantoic placenta. The vagina is double. 

IT. — DioklI’hj.a. 

2 . MiirHujiuilia, 

B. The embryo has an allantoic placenta. The vagina is single. 
I II. — Mon odelpiii a. ^ 

a. Median incisor teeth arc never developed in cither jaw. 

3. SdcnUita, 

b. Median inci.sor teeth are almost always <h‘velopod in one or 

both jaws. 

♦ The manner in which the MoiiodeipJda are here subdivided must be f«- 
g-arded os merely provisional. 



274 


THE ANATOMY OF VERTEBRATED ANIMALS, 


i. The uterus develops no decidua {jVo?i-(Iccuhmta). 

4. ITngidata, 

5. Tomdontla 

G. Sireuia (V).'^ 

7. Cetacea, 

ii. The uterus develops a decidua {Djciduata). 
a. The placenta is zonary.’ 

8. Hyracoidm. 
l*rohoscidi'a, 

10. Carnivova. 

j3. The placenta is discoidal. 

11. .Rodent ta. 

1 2. Instccfivora. 

Id. Cheiroptera. 

1 1. .Prunales, 

I. The ORN^iTiiODicr.PurA are those Maiiiiiials Av^hich approach 
nearer to the althouu-h separated from tlicm by all 

the essential characters of tln^ jManmtalia which h a v^C' already 
been defined. 

The t\yo ^Qxiovii J^Jehidn a and Ornithorhimc^^^^ which con- 
stiUite this divdsion, agree with one another, and diller from 
all other Maniinals, in the oonibination of tlie following char- 
acters : ^ 

In th <3 spinal column, the centra of tlie vertebne are devoid 
of epiphyses. The os odontoideum.^ or so-called ‘‘odontoid 
process”" of the second cervical vertebra remains for a long 
time, if not throughout life, unanchylosed with tlie bcxly of 
that vertebra, as is the case in many Reptiles. And some of 
the cervical ribs, in like manner, long persist in a separate 
condition. 

A striking Sauropsidan ainl Amphibian feature, peculiar to 
the Ornltliodidphia,^ is seen in the fact that the coracoid, 
which is a large bone, articulates with thti sternum directly. 
In front of it is another considerable ossilication called the 
epicoracold, which corrcjsponds in position, though not in the 
manner of its ossillcation, with the ossitied oartilage so termed 
in Reptiles. In these Mammals alone, again, there is a T-shaped 
interclavicle, wdiich supports the clavicles. The central por- 
tion of the acetabulum remains iinossified, and hence, in the 
dry skeleton, appears perforated, as in Aves.^ Onilthoscelida^ 
and Orocodllla. 

The inner tendons of the exUn-nal oldiquo muscles are ossi- 
fied for a considerable distance ; and these ossifications appear 
in. the dry skeleton as bones, winch are articulated with the 

* Tho placentatioii of the Toxodontia and Sirenia is utiknown. 
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inner portions of the anterior margins of each pubis. 'Ilicse 
bones correspond with those which exist in a like position in 
the Dldelphia^ and are called marmjrial bones ; tlioiigh the 
term is peculiarly inappropriate, ijiasinnch as tJiev have Jioth- 
irig- to do with tlie ma7\wpiiim^ or pouch, in which the J oung 
.are sheltered in most of tlic JJiddphla, 

In the upper view of the brain tlie cerebellum is left com* 
pletely imcovcn'cd by the cerebral hemispheres. The latter 
are connected by only a very small corpus callosum. The an- 
terior comrnissiiro, unlike tliat of any of tlio Sauropsida^ at- 
tains a very great size, and the hippocampal sulcus is pro- 
longe<l forward to the cor[)iis callosum. 

In the internal ear, the cochlea is only slightly bent upon 
itself, not coiled into a spiral, as in other 31ajti7aalf(f. The 
stapes is iin|)erfonite and eolumelliform, and tliemallcHis is very 
large, \yhihi the incus is singularly small. 

There is a spacious cloaca Cfunmon to the rectum, genital 
and urinary organs, as in the 8(turop>sida and many Idithij- 
opslda^ ]ii both sexes a long urogenital c.anal opens into tiie 
front part of the cloacai. At its anterior emi tijcre arc fh’'e 
distinct apertures — one in the middh^ line for the bladder, and 
two on each side, which are the ojienings of tlu^ genital ducts 
and of the ureters. Thus in th(,‘s<.i ^laniniidm^ and in thestj 
only, the uretei'S do not op(m into tlje minary bladder. The 
testes remain in the al)domen throughout life. I'he penis is 
attaelied to tli(3 front wall of tiic cloaca, and is not united 
directly with tlie ischia. It is traversed by a urethral canal, 
which opens into tlu; cloaca posteriori}’, but is not directly con- 
nected with eitlier the seminal or the urinary passages. It is 
probable that, during copulation, the posterior aperture of the 
penial urethra is applicjd to the anterior apertures of the uro- 
genital canal, so as to form a continuous passage for the semen. 

Tlic ova of the female are v(‘ry large and project from the 
surhicc of thf3 r)vary, as in the Saiiropsida, The mouths of 
the Fallopian tulxxs arc not hmbriated. There is no vagina 
distinct from the urogenital chamber. The mainmary glands 
are situated, one upon each side of tlie middle line, in the 
hinder part of the abdominal wall. The g allons ducts of tlie 
gland open upon a small area of the integiimont which is not 
raised up into a teat, so that, in the strict etymological sense 
pf the word, these animals are not 3fatnrnaluf, The mam- 
mary gland is co7npressed by the pa}tnlrulu^^ c<rrH0sus, and not 
by any prolongation of the cremaster. 

There is no sufficient evidence of the nature of the foetal 
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appendages; but the embryo is born in an imperfect condition, 
and may be provided witli a knob or caruncle upon the pre- 
max ilhe, such as is found in the jSauropsicIa, In the adult 
the heart exliibits a fossa ovalis, 

13oUi genera of the OniUhoddphia arc restricted to Aus- 
tralia, including Tasmania imder that name. 

The oi\e of tliem, J^Jehidna^ has the body covered with 
spines, like a porcupine. It possesses strong digging feet, 
and a narrow, toothless mouth, from whidi the long tongue, 
with whicli it licks up tlic ants upon which it preys, is pro- 
truded. 

The oilier genus, Or/dtJiorhpnchrrs^ has soft fur ; a flattened 
muzzle resembling the beak of a duck, and covered with a 
leathc‘ry integunKavt ; and clawed, but strongly webbed feet, 
fitting it for its altogether aquatic mode of life. ''J'lie Orni- 
thorh\jnclius^ in fnef, freqrumts fresh-water jiools and rivers, 
very luiicli likc^ a vvat<?r-rat, sl<‘eping and breeding in burrow s 
excav abal in the bank. 

In these animals the angle of the mandible is not inflected. 
They are diw’oidof any external ear; and, in the males, a kind 
of spur, wdiich is pcaforattjd, and gives exit to the secretion of 
a glaml, is aita(^h(Ml to the astragalus. The function of this 
organ is iinknow-n. In each genus the heart is provided with 
tvva) superior ('avie. in Erlvklna the l iglit auric ailo-veutricle 
valve is membi’anous, but, in Orniihorhi/n^^ it is more or 
less fleshy. 

llie liemjs[)herc8 of the brain are abundantly conv'oluled 
in Echidna^ ])ui. are smooth in The ovaries 

are of equal size in Echidna: but, in the 

right is much smaller than the left, as in Jlirds. As has al- 
ready been stated, Echidna is entirely devoid of teeth, while 
Ornithor fry nc Juts has four large liorny teetli. 

IL The DiDELniiA. — In tiie Euldphia^ the “odontoid 
process ” early becomes completely aiieljylosod with the body 
of the kSCCoiuI vertebra ; and, usually, fdl the cervical ribs 
speedily lose their distinctness, as in Mammals in general. 

The coracoid is reduced to a mere process of the scapula 
and does not come near the sternum. There is no epicora- 
coid, such as exists in tlio Ornithoddphia, There is no T- 
shaj>ed interc;lavicle, but the clavicles, which are always pres- 
ent (except in Peramdes) articulate with the manubriunj of 
the sternum, in the same way as in ordiiiaiy Mammalia. 
The floors of the acetabula are completely ossified, and conse- 
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ijaenJj are itiiperforatc in tlie dry skeleton. The cochlea is 
coiled upon itself. 

There is a shallow cloaca, the s])]i[ncter niusclo being com- 
mon to the urinary and gcjiital apertures, but there is no such 
" . urogenital chamlxu' as in the Monotrmiata. The ureters open 
' directly into the bladder. 

In the male, the urogenital part of the urethra, and that 
which traverses the penis, form one continuous canal, which 
opens outward only at the extremity of the penis. 

In the female, the vaginal is perfectly distinct from the 
urinary passage. Tlie moutiis^iof the Fallopian tubes are lim- 
briatijd, and the ova aia^ not larger tliau tliose of the Mono- 
delphia, 

Tlie mammary glands are providiM] with long teats. 

. In all the preceding characters tla^ I)lddidda agree willi 
the Monoddpihla^ and dilTer from the Ormtiioddpld(i. 

Blit the^ agree with the Oi'nHhoddphla., and diller from 
the Monoddphla in possessing (^ithei* bones or cartilages, at- 
tached to the puljes, in the position of the so-c;il](.‘d marsii[)ial 
bones of tlu^ O^odtliodefpJua, 

Again, the brain, the cer<.d)ral h(nnis|)lii*r(‘s of ^\'hich may 
or may not havn? a convoluted surface, is providcivl with a very 
small corpus (callosum, and a large anterior commissure. The 
hi})j)()eampa1 sulcus is proloiigxid forward ov(n’ the corpus cal- 
losum. 

Tlii^ cnira of the corpus cavmmosum of tlici ])enis arc not 
llxed to tlie ischium. 

The emliryo do(\s not beconn^ coniKajtiMl with thci parent 
])y yilli developed Irom tlie allantois, and it is born in a very 
i 1 npe rfect eondi t ion . 

Ciirtaiu characters are peculiar to the DiddpJda, Thus, 
the testes of the male ])ass into a. scrotum, wliicdi is suspended 
ill fj*out of the penis. In the hnnalf^, the cremaster muscle is 
largely developed, and spreads over the surlaco of the mam- 
mary gland, which it compresses, so as to drive the milk out 
of the projecting teat. There is no fo'^sa avails on tin? right 
side of the septum of the auricles. Very generally, though 
not invariably, the Dhldphia possess wliat is termed a marsu- 
pial pouch, which is a sort of bag, formed by a fold of the in- 
tegument of the abdomen, into which muscular iiijrcs of the 
pamueulm mmosus extend. These support tlie ventral wall 
oPthe pouch, and are capable of closing its moidli, which may 
be directed either forward or backward. The mammary glanda 
lie in the dorsal Avail of this pouch, into wliicli the teats project. 
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There is no direct eommunicatjou between the female gen- 
(M’aiive organs and the pouch; but the minute young are 
transported, in the blind and imperfect state in which they 
fire born, into the interior of the marmpimn^ and each be- 
comes attached to a nipple, which exactly fills its mouth. To 
lliis it remains attached for a considerable period, the miik 
being forced down its throjit by the contraction of the cre- 
master muscle. The danger of suffocation is averted by the 
(‘longated atid conical form of the upper extremity of the 
larynx, which is embraced by the soft palate, as in the Ce- 
tacea; and thus respiration goes on freely, while the milk 
pass(‘s, on each side of tlie laryngeal cone, into tlio oesophagus. 

It very commonly liji|>pens among the IHdelphUi that the 
tw^o long vagiiun are bent upon themselves, their proximal 
ends bf^coming a])plied together and dilated, and these dilated 
j)f>rtioTis not unlTeqnently communicate. Another very gen- 
eral jieeulia rify of tlio DidelpMa is the iidloction of the knver 
margin of the angle of the mandible inward into a strong hori- 
zon tal process. In the genus lorsipes^ how-ever, this pro<?css 
is abscMit. 

There are further anatomical characters which are well 
wairthy of notice', tliongh they are not so important as the 
foregoing. 

The integument is ahvays furry, never spiny or scaly, nor 
provided w itli dermal s(*utes. The pinna of tlie external ear 
is w^ell developed. In the skull the carotid arteries pierce the 
basisjdienoid to enter the cranial cavity. The tympanic cavity 
is ill front, bouiuhid by the alisphenoid; and, very generally, 
the jugal furnishes part of the articular surhice for the man- 
dible. ‘ 

Many of the cranial sutures, especially in the occipital 
region, persist tlirougliont life; and the squamosal, the united 
periotic ossificatiuns, and the tympanic bones remain distinct 
from one anotlu’r. 

The ja%vs are ahvays provided with true teeth; and, usual- 
ly, these teeth arc readily distinguished into incisors, canines, 
false molars, and true molars. The canines, how ever, are ab- 
sent in some genera, either in both jaw^s or in the mandible. 
There are usually four true molar teeth, and, as Prof. Flow^er 
has recently discovcretl, only one grinder succeeds another 
vertically. It reprcjsents the last premolar. Tlie molars never 
possess a complex structure. 

No didelphous mammal has three incisor teeth upon each 
Mde above and below; and none but JPhascolomys has aii 
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equal number of incisors in each jaw, the iiiiniber of the 
upper being usually in excess of that of the lower jaw. 

The mmibcr of the dorschlmnbar vertelme is alniost always 
nineteen ; and, of these, six are UKSualJy dorsal. Tla^ atlas* 
generally incompletely ossihe<l in tlie ventral median line. 
The inaiius usually possesses live? digits, but in l\rameks and 
Chmrojma the outer digits become l udiiiKuitary. 

Tlie hbula is always e<m}p]ete at its distal end. In some 
eases it be<'omes an(‘hylose<l with i1m^ tibia, while in tlic 
Wombat {P}iascA}lontyi^\ the liialangeMs [l^halangi, 9 tldc(^^ 
and the Opossums {I)idefphi(d)^ it is not only free, but is ca- 
pable of a rotuttnw movement upon tlve. similar to t.he 

movement of pronation and supination of ilie radius upon tlie 
Tilna in Man. Tiio rotali<vii of the litnila toward the ventral 
side of the tibia is etrected by a niusele which, in great meas- 
ur(^, occupies the place of tlie iuterosseons ligamt'nt, and is 
analogous to the pronator quadratm in iho fore-limb. This 
muscle is antagonized by tlie extensors of the digits, so far as 
they arise from the fibula. 

The digits of tlie ])es vary remarkably in tlaar form and 
relativ^o developmiait; among the 3Iarmphflia; tla* dillVu’cnt 
subdivisions of the ord(*r being way well distinguish<;*d )>y tlie 
modifications of the hind-foot. 

Tiuis in the especially earnivorons Marsupials — the Dldck 
phldm^ of Amcric^a, and the Jtasyurukv^ of tluj Australian 
proviuca^ — -the second and tliiril digits of the pes are not 
united together by the integument. In the JJldeljdikhr^ the 
hallux is nailless, but large and op]H>sal)li', so as to c*onvcrt 
the pes into a prehensile organ like t hat of many PrimeUeSy 
in tlio JDasyiirldiP^ on the other hand, lln^ hallux is rudimen- 
tary or absent. In all the other marsupials, the sc‘cond and 
third digits of the pes are syndactvle, or imited togetlier by in- 
tegument, In the Wombat, tlie fourth to<? is bound together 
with the other two, and the small hallux is devoid of a nail. 
In the Phalangers, only the second and tliird toi^s are vSyn- 
dactyle, and they arc slender, compared with the other digifs, 
while the hallux is well developed and opjiosable. Ig the 
Peramdldai (llandieouts) and Maoropodldm (Kangaroos), tluj 
metatarsus is mu(’h elongated, and the second and third digits 
united and vslender, while the fourth toe is very large, llie 
hallux is reduced to its metatarsal liom'. in tlie Peramelidm^ 
and the fifth digit is small or nidirncntar)'. In the Kangaroos, 
the hallux disappears altogether, but tlic fifth digit remains 
weUv developed, though not so large as the fourth. 
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Tlicro is a g-reat range of variation in tlie characters of the 
brain. The carnivoroUsS Marsupials {^Didelphys^ Dasyums^ 
Thyladnus) exhibit tlie lowest type ol' c(3rebral structure, the 
olfactory lobes being very large and completely exposed, 
wliilc the cerebral hcanispheres are comparatively small and 
(|iiito smooth. In the Kangaroos, on tlie oilier hand, the 
cerebral heinis]>heres present numerous convolutions and are 
much larger in proportion to the olfactory lobes, which they 
cover. 

The stomach may be simph?, as in most .Marstipialia^ oi’ 
provkled with a cardiac gland (J^Aascolarctos^ Idiascolornys), 
III the Kangaroos, it becomes immensely elongated, with 
longitudirial imiscularbauds and transverse saccniations, so that 
it resembles the Imman colon. The ciecum, which is large in 
the Kangaroos, but absent in the J)asyurldo3^ is provided, in 
the AVombat, willi ;i vermiform apjiendix like that of Man. 

The liver always poss(.\sses a gall bladder, 'riicre are two 
vewB cavee super lores^ and they receive the roue azygos of 
tlieir res])ective siiL^s, The tricuspid valva:) in the heart is 
membranous. Tliore is no inferior mesenteric artery, and the 
external and internal iliacs arise separately from the aorta. 

There are no vesicuhe setninaics, and the glans penis is 
bifurcated in many species. The marsupial pouch is absent in 
some Opossums and Dasyurldie, AA^lien it is present, its 
mouth is usually directed forward, but in Tlvylacimis and in 
some Peramelldm it looks backward. In Tiiylacmm also tlie 
“ marsupial bones ” reniaiii cartilaginous. Tlie condition of 
the fa^tus is Iviiownonly in the Kangaroos, and further observa- 
tions on tlie embryology of tlie Didelpfua arc mucli needed. 
The frtjtus is said to possess a largo umbilical sac, the vessels 
of wliicli extend on to the plaited chorion ; and a small allan- 
tois ; and to bo <levoid of a thymus gland. 

The l>ldelphla are at present conllned to the Australian 
and the Austro-(k)lumbian provinces, some few species stretcli- 
ing beyond tbe boniers of tlie latter into the nortliern parts of 
North America. The Didelphldm alone are found in Austro- 
Columbia, all the other groups being Australian, 

Gigantic, Kangaroo-like, or Phalangistic, forms {Notothe* 
rium, Dlprotodon., Thylarolco')^ have been found in post-ter- 
tiary deposits and caves in Australia. In Europe, JDidelpMdm 
occur in Eocene strata ; Dklelphidm^ IJasyuHdm^ and Macro- 
podidm {Phmcolotheriura^ Amphitherium,, Plagiaidax)^ in 
middle Mesozoic rocks ; and 3Iacropodid(B (?) {Microlestes) in 
the Trias. 
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lIL The Monodelpiita. — In the Monodel^yfiia^ the o$ 
odontoideimi very seen becomes anchj-losed with the second 
cervical vertebra, of wliich it appears inerely as the odontoid 
process ; and tlie cervicral ribs early become inseparably united 
with th(.'ir vcrtebra\ Tlie coracoid is j odneed to a mere pro- 
cess of the scapnla, and there is no epicoracoid similar lo that 
of the Ornithodelphia, 

Clavicles may be ]>resent or al>s(‘nt. When com|)]ete]y 
developed they articulate dir(*ctly, or l)y lltc inb'rnicdiation of 
more or less modilied remains of tiio slernal end of the coni- 
eoid, with the sternum, and not with any lnt(‘rcl;ivicle. The 
acctabula are imperforate, d’hc pelvis is devoid of marsupial 
bones ; though, in some Carnivorip there arc small cartilages 
ill the inner tendons of the external oblique imiscli*, which 
have a corresponding form and relations. 

The anterior commissure and the corpus callosum, no less 
than the cmehral lieniispheres themselves, vary greatly, the 
brains of ^ox^^o I^derdata very closely approaching those of the 
Jjidjdphiain nvspcct of the cort)Us callosum and anterior com- 
missure; while, us regards the hemisjiheres themselves, they 
may either l)o so small as to allow the cc'relxdlum to h<3 com- 
pletely exposed on tlie dorsal asj)cct, or so large as coni- 
pletcdy to covin' it and pivqect beyond it. The (external sur- 
face of the ficmisplieres, again, may be el i, her pei'led ly smooth 
or extremely convoluti'd. 

The cochlea is coiled s])irali\', Tlie ri'productive and 
urinary apertures, as a gevneral rule, open (prile se|)arately from 
the rectum. The; unders always o|)eii into the ])hidder. The 
testes may remain In the abdomen throughout life, nv may 
pass into a scrotal pouch. But, when tliis scrotum forms a 
distinct sac, it lies at the sides of, or behind, the penis, and 
not in front of it. d'he cystic urethra is always continuous 
witli that part of the urethra wliich travi r^si s tlie penis. 

Tlie ova are small, and tlio mouths oi the Fallopian tubes 
are limbriated. The vagina is a single tube, which may, how- 
ever, be partially divided by a longitudinal partition. The 
cremaster has no relation to the mammary glands, wliicli are 
provided with distimd teats. 

The allantois is always well devolojx'd, and gives rise to 
a placenta ; and the young aix; born of large size, and active. 

Tlie great majority of tlie JSTonoddjfhdf^ as tlms do fined, 
are divisible according to the characl<a\s of tlu'ir placenta into 
nondleeldtiata and decidxmta. 

In the iioq-deciduata the fcetal villi of the |)]acorita are, at 
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birth, simply withdrawn from the uterine fossie, into which 
they aj'c received, and no part of the maternal substance is 
thrown off in the Ibrtn of decidua, or maternal part of tlie pla- 
centa. In the dcciduata, on the other hand, the superficial 
layer of the mucous membrane of the uterus undergoes a 
special ruodificatioii, and unites, to a greater or less extent, 
with the villi devT*loped from the ch(wion of the fttdus ; and, at 
birth, this decidual and maternal part of the placenta is thrown 
oft’ along with the feetus, the mucous membrane of the uterus 
of the parent being regenerated during, and after, each preg- 
nancy. 

There are, however, two orders of existing inoriodelphous 
3l(nnnHilia^ the nainre of the placentatiou of w hich is not yet 
fully made out. One of these is the ^Irenia^ tlie placeniation 
of whicli is unknown. '^Idie other is the ill-deftncd and hetero- 
geneous ass(anblage calhal IMentata. Some of the members 
of this group certainly possess de(aduato placcmtic, while, in 
others, it appears (piesdonabic wliother the decidua is, or is 
not^dcvoloped. And, as this grouf), the Edentata,, is decidedly 
the low^est of the whole division, I shall take it first in order, 
wdiile the Blrenia arc arranged, provisionally, among the Abn- 
deciduata. 

The Edexj'A PA, or Buuta. — In these Mammals the t(Mdli 
arc by no means always wanting, as the name of the group 
would seem to imply ; but, when teeth are present, incisors 
are eitlier altogether absent, or, at any rate', the median in- 
cisors are w'aiiting in both jaws. The teeth are ahvays devoid 
of enamel, consisting merely of dentine and cement. As they 
grow fc>r an indeliiiite period, they never fonn roots; and, so 
far as our knowledge at present extends, those wliich first 
appear are dis])laccd b}’^ a second sot only in some of the Arma- 
dillos. The imgual ])iia]aiiges of the digits suppoii; long and 
strong claw's. 

There are mamiuie upon the thorax, and sometimes, in ad- 
dition, on the integument of the ataloiuen ; or, in the inguinal 
rogiou. 

Tlio l)rain v^arics greatly, its hemispheres being sometimes 
quite smooth, wdth a very small corpus callosum and large an- 
terior commissure ; while, in other cases, the corpus callosum 
is much larger, and convolutions appear upon the surface of 
the brain. 

The Edentata are divided into the Phytopliaga,, or vege- 
table-feeders, and the Entomophaga^ or insect-eating forms. 
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Leaves are the chief food of the former j^^roup, wliile the latter 
delight chiefly in ants, though some take, in addition, worms 
and carrion. 

1, In the Phytopharja the long bones are witliout inedul- 
1 ary cavities. The lateral part of the zygomatic arch sends 
down a remarkable vertical process. The acromial ])rocess of 
the scapula coalesces with the coracoid. In the carpus, the 
scaphoid and the trapezial bones anehylose and form one. The 
iscliia become united with ilie anterior caudal vertebrm, and 
these anehylose with the proper sacrais to form long sacrum. 

The ankle-joint has tlic cdniracter of a p<‘g and so(;ket, and 
the hind-foot is, more or less coinpletcl^^ twisted, resting upon 
its outer edge, and not npoii its sole. 

Vascular canals coimecjted with tlio pnl[)-(?avity traverse 
the dentine of the teeth. 

The .Phytophaya arc divisllflo into two groups, one exist- 
ing, and the other (extinct. Tlie former consists of tlu; Slotlis, 
or Tardlyrada ; I'cmarka-ble animals, wlnc'h are oonlinod to 
tlie great fljrcvsts of Sontli Am(?rica, wlica-e t]](?y load a pufcly 
arboreal life, suspended by their st rong, liooklike, claws to the 
brancln^s of the trec.as. 

Tiieir distinebiye cliaracUn's aro these : Tlui tail is short, 
and the litybs exceedingly h.>ng and slender, the anterior be- 
ing longer than the postcrif)r pair. In both tiu) fore-and the 
hind-limbs the internal ami the external digits are nidimeii- 
taiy, but the liind-foot always has the lliret' iniddlii to(‘.s com- 
pletely devadoped ; while, in tho fore-foot, it sonndimes hap- 
p(‘ns that only two rcm:iin. Tlie ungual phalanges are very 
long* and hooked. 

The zygomatic arch is incom|)le.te |>ostcriorlv, not hiving 
united by bone with the squamosal. The cervical vertebne 
in this remarkable group sointdirnes exerted, ami sometimes 
fall short of, the number (seven) wliicli is so clmracteristic of 
the Mammalia in genera! ; some species of Sloths having 
nine, and others only six, vertebrie in the neck. 

The pelvis is exceedingly spacious, and the acctabula arc 
directed backward as well as outward. femur is (hu'oid 

of a liyamerotwn teres. The distal end of the iibiila sends in- 
ward a process which fits into a fossa situat<Ml upon the outi'r 
surface of tlie astragalus, giving rise to that kind of peg-and- 
socket ankle-joint which is peculiar to these aiiimais. 

A good deal of confusion prevails respecting the sbruoture 
of the ankle- joint in tlie Sloths. Cuvier ('^* Ossoinens fossiles,” 
t. viii., p. 143) writes of the Ai, or tiirce-toed Sloth : 
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‘Mn the greater number of animals, the principal articu- 
lation of the astragalus connects it with the tibia, by means 
of a more or less loose giiiglymus, wliicli allows the foot to be 
bent on the leg. But here the principal and superior facet of 
the astragalus is a conical fosvsa, into which the pointed ex- 
tremity of the hbuhi penetrates, like a pivot. [iSee FI, 208, 
Fig. 2a,) The inner edge of tliis fossa turns against a very 
small facet, whi(ih occupies only a third of the lower head of 
tli (3 tibia. The rcjsult of this arrangcmcut is that the foot 
turns on the ]t?g, like a weathercock on its support, but that it 
cannot be Hexed. It further follows that the plane of the sole 
of the foot * is almost vorticad wlum ilie leg is so, and that the 
animal can only ])lacc the plantar surface of its foot on the 
ground by spreading out the leg so as to make it almost hori- 

Meckle f has aha*ady justly reinonstrate^ against Cuvier’s 
■avsscrtioii tliat only {ibduelion and adduction are possible to 
the pes of the Ai, allirming (hat it is capable of Hexion and 
ejs^i^sion, tliougb only to a limited extent. A. Wagner fol- 
l< 3 f#s Mcck(;l, but IL'ipp Edentateii,” p. 46) adopts (Aivier’s 
iitt^ternent in its fuliiess ; ‘‘ Extensioji and Ilexiou of the foot 
lannot take place, but only abduction and adduction.” How- 
ever, it is easy to demonstrate on llie uninjured de^ul afiiinal, 
or, still b(3ti(n’, on the limb from w hich the muscles have been 
rcJiioved, wliile the ligaments liav(3 ].)een left intact, that the 
pes of tlie three-toed Slotti is capable of extensive motion in 
three (lirections : lirst, in abduction and adduction ; a move- 
ment iMaziinutli, when the leg is ver tical; secondly, iu flexion 
and extension ; a more <3xteiisive movement in altitude, un- 
der the vSaine circuinstances ; and, thirdly, in rotation upon its 
own axis, ])j means of wi«i(*li the sole can bo moved ihrouglj. 
00^ from a }>ositioii perj)cndicu)ar to the axis of tlic leg to one 
parallel witli it. 

The anatomical arrangements upon wlii(4i tli (3 execution 
of those inovevnents depend are the following: The astraga- 
lus presents two facets to the bones of the leg, one of which 
(when the pes is in the position usual in other quadrupeds) 
looks inward and u])ward, while the other looks outward and 
upward. The hwmer, convex from before backward, as well 
as from side to side, is by no means a mere rim, though it is 

* Cuvicr\s words arc: 11 on rosiilto encore que Ic plan, le corps du pied, 
est presquo vertical qufuid In juinbe Test.” 

t“ System der Ycrglcichciiden Anatomie,’^ 2te Tlieil., 2to ALthcUuDg, 
p. 457. 
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not so wide as tlie other. It is the proper |)roxiinnl svn iacc 
of the astragalus, and articulates with the til)ia. The other 
surface is excavated by a deep conical pit. Into this is re- 
ceived a correspondingly conical process of the distal end of 
the fibula, whicli is directed from above and witliout, down- 
ward and inward— not vertically, tlierofoie, but very obliquo 
ly. Hence, evfm if the pivot fitted its socket quite accurately, 
there would still be abmulant o|)jx>rt:iinily for fli^xion and ex- 
tension, thougli ilie niovennait of th<:> pes ^^•ollI^l bo oblicjuely 
inward, as well as upward, in the former (‘ase ; and obliquely 
outward, as well as downward, in the lattrr. Ihit the socket 
fits the |)ivot loosely, and hema/, as exixniuK'nt demonstrates, 
the inoveinent of the jies lu flexion and (‘x tension is but very 
slightly oblique. 

The true inoveinent of alxhictioii and addiK-lion is so 
less extensive than the movement in ih'xion and extension, 
because it is checked by the short and strong infernal and ex- 
ternal lateral ligaiiicnls of the ankle-joint. 

With respect to f lic rotation of the fof»t on ifs own aatii**— 
it is to be observed, in flic first jilace, that the calcanciirn^'^h^ 
boides^ navlculare^ fhe threi^ moieij^rriuhf^ (he fliri'e (;oin|>Jfet^fr 
and the three rndi men (ary metatarsals, and the llirco bfi^aC 
phalanges of digits //., m., and iv,^ aix^ ancliylosi^il logetlier 
into one bony mass; while, as in the nniims, thtre is hardly 
any motion between tbe basal and (ho middle phalanges. 
Practically, in iVict, the only bones of (he ]>(s which arc mov-* 
able upon 01^.0 another are: 1. The distal phalanges, wlrich 
hav^e a nioveinent of extension and flexion through 180^ iqion 
the middle plialang(*s. 2* The tarso-plialangcal synostosis 
above described is freely movable on tlie astragalus ; and the 
joint is disposed in such a maniun’ as to allow tin: sole of the 
foot to be rotated from the plantigraile ])osition in wdiich it is 
perpendicular to tlie axis of the leg, to tlx^ scansorial position, 
in wliich it lies parallel with the axis of the leg. It may be 
doubted, however, whether the foinim* jxisitiou can b(? given 
to the sole by tlie living animal. The tibiidis and the 

extensor Jtcdlucis lone/us are extremely sfrong' rmisclcs, and 
have no eflicient antagonists ; so tliat tlieir loni<‘ contnK*fi<ai 
must pull the navicular metatarsal tubmosily, Info whicli they 
are inserted, as far upward as it will go, causing tlu? (arso-j Jia- 
langeal synostosis to rotate upon the astragalus, and thus 
obliging the sole of the foot to look inward. 

In the two-toed Sloth, or Unau ( the general 
etructuixj of the auk]e-j<-)iiit is the same, but the fossa of the 
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asiragal LIS looks almost directly outward, and the pivot of the 
fibula is more nearly liorizo-pttah m Iioii the leg is vertical. The 
tibial fixcet of the astragal lis look‘5 directly upward. Hence, 
the movement of the pes is more exclusively one of llexion 
and extension than in the Ai. No anchylosis of the tarsal,, 
metatarsal, and phalangeal bones occurs, but"* the rotation of 
the distal moiety of the tarsus upon the astragalus is mucli 
more complete and permanent titan in the Ai. The calcane^ 
um is twisted round under the astragalus, in such a manner 
that its proper external face becomes inferior, while the articu- 
lar surface for the {uiboid is not only below, but is partially 
internal to, the navicular facet of the astragalus. As a result 
of this position of the cuboid, the outer rnchitarsals, which it 
supports, are placed dirctdly beneath the inner ones, and the 
pes rests absolutely upon its outer edge, the ]>lane of the sole 
being vtn tical. 

The Sloths, it llius appears, are naturally club-footed; but 
nei tiler in tlie Ai, nor in the Unau, docs this depend in any 
way on tln^ structure of the ankle-joint. On tlie contrary, it 
results, ill tlie Unau, from tlie maman’ in which the calcaiieum 
and artl(‘ulato with the astragalus; and, iu the Ai, 

from tlie action of the muscles on the tarso-plialangeal synos- 
tosis. Neitlu^r iu the Ai, nor the Unau, is there any thing to 
iiiterforo with free) flexion and ('xt<msi()ii of the pes. 

The te(ith are live in number on each side above, and four 
below, and become sliarptmed by mutual attrition into a chisel- 
like form. The stomacli is remarkably complex. 

The Qrairif/rada an*, for the iiifist part, like tlie Sloths, 
South American forms, but they are entirely extinct ; and 
wliile, iu most respects, they resemble the Sloths, in others 
they pr('S('nl: an approximation to .Ant-eaters. 

Tlie jugal arch may be complete or Incomj)Ieto. The artio 
ular siirracc'S of the doi’sal vert<,*l)i\m are sometirnes complicated 
in a manner similar to that observed iu (ho Ant-eaters. TliO 
tail is V(M*y long and strong. The limbs are s’hort and sub- 
equal, wliile the fore-foot has tlie ulnar digit imperfect, as iu 
the Ant-eat(n's. The libnla ha.s no inward process, and the 
astragalus is eousi^ijuent ly devoid of any fossa upon its outer 
smfiu^e. But aiiotlier kind of ]K\g-and-socket ankle-joint is 
produced by the interlocking of tiie surfaces of the tibia and 
of the astragalus. 

The great extinct animals, Mer/atherimn^ Mylodon^ Mega- 
lony:i\ etc., tlie remains of which lia ve been found almost vvliolly 
in la ter tertiary deposits of America, belong to this group. 
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2. The Entomophaga, — In this group oi JMmtata the 
zygoma sends down no procc.^ from its lateral region, al- 
though, in some rare eases, tlie Anterior part of i\m arch has a 
descending prolongation. The acromion - and the coracoid do 
not become united. The scaphoid and the trapezium remain 
distinct ; and the , sole of the hind-foot rests the ground 

by a greater or lesser extent of its vvijole surface, and not 
merely by its outer edge. 

The insectivorous Edentates are divisible into four groups 
— </. the 3futica^ b, the Squmnata^ c, llie TtihalldcntMa and 
d, the Loricata, 

a. The group of tlui 3Lutlca coiiiains ihe geneva ^lyrme- 
eophaga and Cyclothurus^ the Aut-('atcrs of South America. 
Ilie bodies of ihese animals arc covered with haii*, and they 
are provided with very long tails, which are sometimes pre- 
hensile. The skull is greatly elongab d, and llie small pre- 
maxilhe arc but loosely comiectcd with it. Tln^ jugal arcli 
is incomplete. In 31yrrne*tophaga^ llui ptm ygoifls, wliich an' 
very long, stretch back to behind the level Of the tympanic 
‘ bullse, with the whole inner edges of Avhich tlnw sue united 
either by bone or by meinhraiie; and as, at tlu' same t ime, they 
unite in the middle line, the roof of the palate is gn eally pro- 
longed, and the post(‘rior nares ai’c boundiMl below and at tlio 
sides by the pterygoid boiu\s. This arTang{'ment is to be 
found ill no, other Mammals, except some (JilareUy nor in any 
other V'erUhratiiy except tlie Crocodiles. Tluj mandible is 
very slender, the asc^ending’ raimis, corovieid ]>roccss, and angle 
of the jaw, being obsolete. The articular surface of the con^ 
dyle is llat. The hyoid is placed fa r I Kick bmuKilh tlie posterioi 
cervical vertebra^, and is connected with the skull only by 
muscles. Tlie thyroid and the eri(!oid cartilages anj ossllied. 
Tlie dorso-lurnbar vertebrae are cgm|)licated l>y the presence 
of accessory articular processes. ^Tdl-devadojxHl clavicles are 
present in the climbing (Jyclothiints dhlw'tylifSy but tliey are 
Hicomplcte, or absent, iu the other species. Tu tfio luaniis, the 
outer digit, or digits, are devoid of claws, and tlie weiglit of 
the bodi^ when the animal walks, is supported iq)oa its outer 
edge, which is frequently thick and callons. The ])cs has live 
digits, each provided with a strong nail, and the sole r(:‘sts 
upon the ground. 

The tongue is extraordinarily long and protractiki ; it is 
not connected to the hyoid by the ordinary //yo-/ 7 k>.s,s«.s* mus- 
cles ; but long muscles, which are attached to the sternum 
{sternoglossi)^ retract it, while it is protracted by the genio- 
glossi and stylo-hyoidei. 
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Immense siibrnaxillary o-Uincls extend back OA^er the tliorax,, 
and cover the tongue witli a fiseid secretion, wbcu it is thrust 
into the nests of the ants, u}>oii Avhich the Myr7)iecophaga 
preys. The insects, eutaiigied b}" tliousands in this substitute 
for l)ird]iine, are thtm dragged back into the mouth of the 
Ant-eab^r, and swalJovvcd. Tlic py]ori(' portion of the stomach 
is so exceedingly thick and muscular as to be coinparublc to 
a gi/zard. The brain presents numerous convolutions, and 
lias a large corpus c^ailosuni. The anterior eommissure is also 
remarkably largo. In tlic female, the uterus is simple, but has 
a double os uterL Tlie placenta is said to be dis(a>idal in 
form in Myrracco^^^^ didactyla. 

h. The grouj) of the JSijnamata (“ontains the single genus 
spcjciesof Avhich lu e foundbotli in Africa and {Souiheni 
Asia. In these singular animals, the body is covered Avitli 
overlap|)ing’, liorny scales, and tlioy liav’c tlie ]:)OAvcr of rolling 
up like hedgehogs. In walking, tlie long claws of the fore- 
foot are Ixmt under, so that their dorsal surfaces rest upon the 
ground, wliile tlic weight of the hinder part of llic body is 
throAvn u])oh the flat soles of the hind-feet. 

The skull is elongated, tlie prcinaxilla is siraill, and the 
zygoma usually incomplete'. Tlie pterygoids are much elon- 
gated and extend bai'Uward beyond the bnllate tyinpanic 
bones, but they do not unite in the middle line. ’'.Die mandible 
has no ascending ramus, and its (.*ondylc is flat. Air-passages 
in the walls of tin? skull place one tympanum in communication 
with tlie otlier and extemd into tlie squamosal bone. There 
arc no clavicles. The “xiphoid” extremity of the sternum is 
large, and niay lx? produciHl intot\t '0 long' (iormia, as in Li/ards. 
The mouth is toothless. 

Tlie large salivary glands exteinl on to the thorax. The 
stomach is dividi.'d into a thin-walled (airdiac sac, lined by a 
dense epithelium, and a thick muscular pyloric ])ortiori. It 
is always found to contain numerous stones. Tlie placenta 
appears to be dilTuse and non-decidua te. 

c. The Tuhidldetitata are also represented only by a singles 
genus, Orycterojms, which is a native of South Africa. The 
body is hairy, providial with thoracic and inguinal teats, and 
the ears are long, notslrort or rudimentary, as in the preceding 
genera. Iii botli the fore- and the hind-limbs, the foot rests 
evenly upon the ground and mainly upon tlie plantar surfaces 
of the strong claws. Tlie fore-foot has only four digits, in 
consequence of the absence of the jiollex, while the hind-foot 
is pentadactyle. 
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The skull has a complete zygoma and well-developed pre- 
maxilliU. The lachrymal bone is and the lachrymal 

foraTiicn is situated upon the face. The tympanic bone is 
annular, and the periotic mass so larg*e, and enters so much 
into the lateral walls of tlie skull, as to remind one of its pro- 
portions in the Sauropsida, Tiie mandible lias an ascending 
ramus. The claviculcs are comphde. 

The jaws a]*e provided with icedh, the substance of which 
is traversed by a great numlH.n- of ()ara]l(vl verticail canals. 
These teeth are rootless molais, and the gr(‘atest number 
which has been observed is but the small anterior ones 
fall out, reducing them to The hindermost, and th.e small 
anterior ones, are simple cylinders, l)nt the middle teeth pre- 
sent a longitudinal groove on (\'ich side. 

The suijma-xillary glamls are very large. The stomach is 
divided into a riglit and a left portion ; tlie former having v^ery 
thick and rnusciilar walls. The intestine has a ca>(aiin. It is 
stated that the ductus arteriosus long remains open. 

Tile two uteri open si‘paTat(^ly into the vagina. The pla- 
centa is deciduate and discoidal. 

d. III the Ijorlcata^ tluMlorsal reg'ion of the brxly is covenH’l 
by a carapace, coinposiKl ot eiiidernial scales, and of siituraliy 
united quadrate, or polygonal, scutes, which are dermal ossi- 
lications, so that the whole structure is strictly <X)in|>Mrabl<f to 
the dorsal shield of a crocodih^ Tliese an' tlu' only Mammals 
in which such scutes exist. Wlien fully de\'el()|)ed, tlie dorsal 
armor of one of these ani.inals presents livt.^ distinct shiidds, 
the edges of which permit of a c(u tain amount of motion lie- 
tween them. One of tluise covers tlio Innul, ami is called 
cephalic; anotlun*, protects the liack of the neck; a 
third, scapular^ covers the shoulders like a gre.nt cayic; a fourtli, 
usually cousis ling of a number of tree and movable siygincmts, 
covers the posterior dorsal and lumbar ri'gir n, as the thoraco- 
abdominal shield; .and tlie lifth, i\ui ])clvic^ is attached by its 
deeper surface to the ilia and isiihia, and ariTes ovcu- tlie rump 
like a half dome. The tail may furllier be invested by a series 
of incomplete bony rings and scattered scalos; and scutes are 
distributed over tlie limbs. In one genus, ('hlewhydoplioriis^ 
the scutes an3 developed only in the pelvic region. 

In the si:uli the premaxilhc are well develo})i*d, and the 
zygoma is complete. The mandibular ramus usually has a 
well-developed ascending portion anil (.oronoid process. 
Clavicles arc present. The fore- and the hind-feet iwst upon 

13 
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tlie gromul evenly, and indeed the hind-lirnhs are usually 
plantigrade, or luairly so; but, in the singular genus Toly- 
peutes^ th(i fore-foot is supported upon the extrianities of the 
long nails. TJie polio v is always present in ibe fore-foot, but 
the flftli digit soinelimcs b(K*oincs rudiinenbiry. There arc 
ab\ays live in tlic hind-foot. 

til tlio gei lus ea ell premaxilla contains a single 

tooth, wln'eh, conseqiienily, is an incisor. 

This group contains two divisions, the Dasypodidm and 
the (ilyptodontidw ; liotli are South American, but the former 
is chielly coin]>oscd of living animals, while the latter only 
cont;iins an extim't genus. 

The iJasypodldiH aie wliat arc commonly known by the 
name of Anaadlllos, In this division tlie thoraco-abdominal 
shield, when present, as it is in all the g'cnera oxcxpt Chla- 
rnydopJiorm^ consists of, at fcAvest, thret', and, at most, thir- 
teen, transveu’se movable zones of scutes. 

In the skull, the ends of tlie nasal bones project beyond 
the hwad of tiu; prcmaxilla', so that the nasal aperture looks 
more or less <lovvnw;ird. Tlie premaxilhe have a considerable 
size, and articulate largely \vitli the nasals. The anterior part 
of the jugal ai*ch oilcans, at most, a rudimeutary downward pro- 
longation. mandibular symphysis lias but a moderate 

leugtli, and tlui posterior alveoli of the luaudibh^s do not ex- 
tend along’ the iniKa* face of tho ascending portion of the 
ramus of the jaw. 

The teeth of the iipjicr and lowau’ jaws alternate, and 
lienee their grinding’ surfaces wear down into ridges. 

Th(i odontoid vcu’tebra is anchylosed with a gTcater or 
smaller number of its successors. The cervical vertebras 
which follow these have peculiar aticessory articailar surfaces ; 
and th(> hinder dorsal and the lumbar vertebne arc also pro- 
vided w ith accessory articular taccts and proccss(’S. A number 
of the antmlor caudal vcrtcbric are always anchylosed wdth one 
another, and wdth t he true sacrals, to form the long saernm ; 
and the trausvanse processes of some of tliese caudal vertebrae 
abut against the inner surfaces of the iscliia, and become an- 
clyylosed therew ith. 

Tlie first rib is broad and flattened, and the anterior piece 
of tho stenium is expanded. Tlie .succeeding vertebral riba 
are connected by ossified sternal ribs wdtli the sternum, and 
these are articulated, not only wdtli the sternum, but with one 
another. 

In the carpus, the cuneiform bone bends round the unci- 
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foriTi, and articulates with the fifth metacarpril, when that 
bone is present. The ungual phalanges of the inanus arc 
long and pointed. The femur lias a Ihird iroehanter, and 
the four inner inehitarsals are inuc;h luiigru’ tlian they are 
bro«ad. 

The division of tlio (J lyptodimtulw eoidains the single? 
genus which is essentially a large arinadiilo; but 

it departs, in soinc r<‘spects, not only fi'oni all these animals, 
but from all o\\\er M<urim(iU.a^ i\\u\ ev(m stands alone among 
the Vertebvata. 

The carapace cov'ers the whole body, Init presents no 
movable thoraco-abdominal zones, inasmuch as it consists of 
polygonal plates lirmly united together, and fringed by a mar- 
gin of scut es with raised conical surfaces. 

The nasal boiu‘s are short and broad, and tlndr free ends 
do not project so far as the preinaxiihe ; whence the anterior 
nasal aperlure InulsS sliglitly upward as well as forward. Idn; 
pr(?inaxilla:', howrner, are very small bones, and, if they unite 
with the nasals at rdl, do so for a A'ei y short distance. The an- 
terior |>ortiou of the jugal aridi givi's oil* a great df>wnward pro- 
cess. The niandilinlar symphysis is voiy long, and the postei-ior 
alv^eoli of the mandibh? are siiuatc-d upon the inru'r faeo of the 
very liigli perpendicular part of ramus. 'J'ho tcadh are 
trilobed, two deep groov(\s excavating their inner and their 
outer surface's. And, as the crowns of iliose of (‘ach jaw arc 
placed opjiosite each other, they aiY‘ worn tlat. 

The last cervical and th(i anlerioi* dorsal vcrtebim are 
anchylosed together into a single “ lri-verk‘l>nd ” boiu? whieli 
moves by a hinge-joint upon the third dorsal. '^IMvis and tlio 
succ(?eding dorso-lumbar vertebra? are immovably imit(?d, and, 
for the most part, anchylosed, together. The liead of the first 
rib is engaged in tlie socket furnished to it by the iri-vertebral 
bone in such a manner as to l)e inmio\'ablc, and tin? rib is not 
flat, but rounded and columnar. 

In tlio carpus, the cuneiform ])one articulates with the 
fourth, as well as with the lifth irietaearj)al, the latter bone 
being entirely supported by the cuneiform. Tin? mc'tacarpals 
and phalang(.?s are all very sh<.»rt and broad. Tlie ])o]](?x is 
rudimentary, wljile the? fifth digit is fully developrjd. 

The supra-condyloid ridge of the femur is not distinct from 
the third trochanter, even if the latter can be said to exist at 
all. The metatarsal Ixmos are as broad .as they are long, or 
broader; and, as in the fore-foot, tire majority of the phalanges 
are comparatively short and truncated. 
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The Non-I)ecidtjate Mammalia. — L TJxgllata. — A large 
number of the iiori-deciduate Mammaliii arc corivciii<jiitlj com- 
prehended under the title of the Ungiilata^ tliougli it may be 
open to question whether the group thus named represents a 
single oriler, or more than one. 

In all the Ungiilata the placenta is eidier diffuse, that is to 
say, the villi are scattered evenly over tlie surfac^e of tlie 
chorion ; or it is cotyledonary, in wliich latter ciise, the villi 
are accumulated in distinct patelies on the chorion. These 
patches are called cotyledons. 

All JJngulata have milk-teeth, succeeded vertically by 
teeth of the permanent s(?t. Tlie teeth consist of enamel, 
dentine, and cement, and the grinders have broad crowns, 
with tuberculaled, ridged, or folded enamel. 

Clavicles are lu^vcr jvresimt. Tiic limbs have not more 
than four <iomplcte digits. 1'he ungual j)hala,ngcs arc clotlnMl 
in obtuse horny sheaths, whi<*li are commonly very thick and 
go by the name of hoojs. Upon these the wciglit of these 
quadru[)eds is usually supported, whence they iiave been 
called xuigiillgrafle. Some few, however, rest the weight of 
tlie body upon the under surfaces of the phalanges, or arc 
dlgltlgrade. The metacarpal and metatarsal bones arc elon- 
gated, and takc^ a vertical, or much incUiied position. 

Ill the female, the mamnne are either few in number, when 
they are inguinal in ]K)sition ; or numerous, when they are dis- 
posed in two rows along tlio abdomen. 

The intestine is very generally provided with a cmciini of 
considerable size. 

Tlu; cerebral hemispheres always exhibit convolutions, 
which are usually very numerou.s; and, when the brain is 
viewed from ab(3V(', the surface of tlie cm'ebclluin is largely 
uncovered. 

The ITngidatii are divisibhi into tlie I^eriHSodactyla and 
the Artlodactyla^ though it is probable that the attempt to 
define tliese groups will break down with the increase of oar 
knowledge of h^ssil forms. 

1. In the Perlssodactyla^ the number of the dorso-lumbar 
vertebrae is not fewer tliaii twenty-two. The third digit of 
each foot is symmetrical* in itself, and the toes of the hind- 
foot are odd in number (Fig. 93, B). The femur has a third 
trochanter (Fig. 100-®). Tlie two Licets upon the front face 
of the astragalus are very unequal ; the less articulating with 
the cuboid bone. 


* Or at least very nearly so. 
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In the skull, the tympanic bone is small ; and, as in sun- 
dry other Mammals, the root of the pterygoid ])roccss of the 
sphenoid is perforated by an aperture or canal. 

The posterior j)rcmolar teeth are, generally, very like the 
molars. The stomach is simple, and the emeum exceedingly 
large. 

The teats are inguinal, or situated in the groin. When 
the head is provided with horny appendages, they are entire- 
ly epidermal and devoid of a l^ony core ; and tliey are placed 
in the middle line of iljo skull. 



A. D. 


Fio. 03. — A. Front aspoct of tlu; left tarsiia of a Horse. — 1, Culcaneara. 2. jAslmgalus, S. 

Navicnlarc. 4. Ectociinelform. 5. Oaboldes. 

B, Posterior .aspect of the loft met.atar.s«3 of a Horse. — 1. The lochitiirsal of the tliinl digit* 
2, 8. The metatarsals of the rudiiiicntary digits. 

The Per IsHodaetyla con^\si oi the existing families EquidcCj 
Rhlnocerotldm^ and Tapirldm^ and of the (.‘xtinct PalcBOthe^ 
ridm and MacTauchenid<je. 
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S’lo. 94.^ — A. rljurlit foro-fnot of :i TTorso.— 1, Kadins. 2. Groove in tlit? front fa<‘e of the I'JhU- 
ns. fS. S<*aph(')i{l<‘S. 4. Lun;ire, 5. (’'uiioilonne. 6. Pisiforiijc. 7. Mapnnm. 8. IT». 
ciforiiKj. 9. Metacarpalc, «//. 50. Motararp.-ile. fr, 11. Sosaniold hones in the litra* 
in<‘iits !it tiic^ bn<!k of the nictacai‘i>o-i»1uil:in'jrf:il articulation. 12. rrovimai phalanx (fet- 
tor-bono). Ph Middle phalanx (coronary). Jo. J.M.sta! phalanx (coflin-bonoh 14. vSesa- 
nioid bone in Uie tendon oX Xh<ji JlnA'or perfoi aits (valltd “ miviculac” by Veterina- 
riunsy 

rf, left hind-foot of a ITor.‘4e,-~l. Tibia. 2. ('alGaneiiin. 8. .^sti'agaliis. 4. Cuboid. 5."N'ft- 
vienlnr, orsenpb(4d. C. Ketocunoiform. 7. Metatarsale, it/. 8. Metatarealo, iv. 9,11, 
12. Plialnnges. 10, 14. Sesaniokls. 
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a. The JiJqukJm^ or Horses and Asses, have one toe on 
each foot — the third — much longer and larger than the rest. 
The latter arc represented only by their liKdacarpal or nn‘ta- 
tarsal ])ones, the inner and outer toes being* abs(‘nt, or I’opre- 
sented by mere ossicles (as rudiments of tlan'r rnota<*Mrpals or 
metatarsals) in all existing But, in tiie extinct Iflp- 
parion^ tlie second and fourth digits were; coinph'te, though 
small and like dew-claws; while the mioceia^ 
which most nearly approaclies tin? lias the lat- 

eral toes much larger, and taking tlaur sivare in supporting 
the weight of the body. 

The dental foruiula is L J--- c, ]]] pjn. m. Th<3 

tooth here counted as tlie first prt'niolar may bc' a milk-tooth, 
as it appears to ha\'e neither ])rede(‘cssor rior succt?ssor, and 
soon disappears. 

The molar tec'tli ])r(*s(3nt an out(^r wall, whicli is l)ir*rescon- 
tio in transverse S(M‘.iion; and two inner ridgr'S, Avhit^li are 
curved more or l(‘.ss inward and backward, and (::orres|)oud re- 
spectively with the anterior and the posterior cnvscentsol' tlie 
outer vviiil. The valleys may 1)0 more or h^ss (‘omphUely filled 
u}) with cement, which also coats tiu* toolli. 'Phe Iraasors aj’C 
similar ill form in each jaw, and and tlieir 

crowns present a wide and deep uK’dian ca vity, formed by a 
fold of tlie enamel. 

dhesc are the distinctive chaiJicters of the tJquldiv, It 
may be useful to add some special details res])ecting the anat- 
omy of the Horse as a familiar exani|>h3 of the pm-issodactyle 
group. 

The Horse has seven (‘crvical vortobne, twemty-four dorso- 
lumbar (eighteen or nineteen of Avhich are dorsal)', livc3 sacral, 
and about seventeen caudal vcrt(d>rie. The atlas lias very 



FlO. 95. — A corvk'jil vortol^n of a Tforso. — ^1. The rizdirnenfary spi/ie. 2. 3. The pre- and 
post-zyf^apophysos. 5. The convex anterior fVe of Die reiilnnu. 9. Its ronczivo pos- 
terior Vace. 6, T. The trans verso processes and rudiment ary ribs. 
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wide lateral processes, the faces of wbicli look obliquely down- 
ward and forward, and upward and backward. The centra 
of the other cervical vertebra3 are rniicli elongated, strongly 
convex in front, and correspondingly concave behind. llie 
neural spines arc obsolete in all but the seventh. Tlie llga’^ 
rnoitiun nw'Jim is a great sheet of elastic tissue, which extends 
from the s})ines (jf the anterior dorsal vertebrae to the occiput, 
and is fixed, bedow, into the neural arches of the cervical ver- 
tebne. 

In tlic dorsal region, the opisthocadous charaider of the 
centra of tlie vertebrre gradually diminishes, though the ante- 
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rior face of the centrum of the last lumbar is still distinctly 
convex. The spines of these vertebra3 increase in length to 
the fourth or fifth. The spine of the sixteenth is vertical, 
those in front incliiiing backwaird, and those behind a little 
forward. 

In none of these vertcbrie do tlic prozygapophyscs bend 
round the postzy^gapopliyses of the vertebra in front, as is 
often the case in the Arilodactyla, TIic transverse processes 
of the penultimate, and of the last, lumbar vertebrae present 
concave fac^ets upon their posterior tnargins, wliich articulate 
with convex facets developed upon tlie anterior margins of 
tin; last Intnl^ar and first sacral vertebrai respec tively. 

In the skull, the plane of the supra-occipital is inclined 
upward and forward, and gives rise to the middle part of a 
transverse ridge which is continued at the sides into the squa- 
mosal. The ridges which limit the origins of the temporal 
muscles above, unite in the middle line posteriorly, and thus 
produce a low sagittal crest. The orbit is bounded behind by 
tlie united post-orbital processes of tlie frontal and the jugal. 
The lachrymal aperture lies in the ojbit. The nasal bones 
unite, for a short distance only, with tlie preniaxilla. There 
is no pnenasal bone. The jiosterior margin of the palate is 
opposite tlic) penultimate molar tooth. Idie glonoirlal surface 
is transversely elongated and (convex from bfd’orci backward. 

The tympanic India is not very largo, and is rugose inferi- 
orly. It is not anchylosed with tli(? surrounding bones. The 
post-tympanic ])rocess of the scpiamosal does not afiproach 
the post'glenoidal process of the same bone, bedow the meatys 
audUorms, 

The proper mastoid process is distinct, but short. There 
is a long and strong paramastoid developed from the ex-oc- 
cipital. 

The rami of the mandi])le are anchylosed at the symphysis. 
The perpendicular part of each, ramus i'’ long, the condyle 
transverse and convex from before backward, and the narrow 
coronoid process rises far above the level of ilio condyle. In 
a longitudinal section of the skull the cerebral chamber lies 
almost altogetlier in front of that for tlic cendielliun. 

Tlie structure of the limbs of the Horse is such as might 
be expected from its preeminent cursorial powers. 

That excessive development of the epidermis whicli gives 
rise to a 7iail takes place, in the Horst^, not only upon the 
dorsal surface of the terminal joint of the digit, but upon its 
ventral surface and sides, and thus produces a hoof. 
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The animal is siip})ortccl by thcso grcatly-developod nails, 
and henee is said to be ungiiUgrade. The long axis of 
phalanges are greatly inclined to the surface upon which it 
stands, while tlioso of the metacarpals and metatarsals are per- 
pendicular and greatly elongated. The wrist of the Horse 
thus comes to occupy the middle of the length of its fore-leg, 
and constitutes Avhat is improperly called the “ knee.” The 



Flf,, - Longitudinal median section of the foot of a TIorse. — 13, It, IS. The three pha- 
ift. The navlcviUir sesamoid. 5. The llcxorpcrroratus. (i. The fle.vor pcrforaiia. 
19. Tlw hoof 


heel is similarly raised to the middle of the luad-leg, and is 
termed th(> ‘‘ liock.” The Ibrearm and the leg are free, but 
their motions are almost restricted to an antcro-posterior 
plane. The forearm is fixed in the prone position. The arm 
and thigh are closely applied to the sitles of the body and en- 
closed in the common integument, so as to be capable of very 
little proper motion. At the same tiiru^, the axis of the hu- 
merus is inclined oblicpiely backwaixl and downward, at right 
angles with the long axis of the scapula; and that of the 
femur obliquely forward and downward at right angles with 
that of the os innominatum and the long axes of both these 
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bones make a great angle with those of the forearm and leg 
respectively. Each limb thus forms a sort of doid^lo C sibl ing, 
upon the top of which the weiglit of the body is sijpport ed — 
in the hind-limbs by means of the solid connection Cif the ilia 
with the sacrnin ; in the fore-limbs, 1)y tiie greal muscular 
slings formed hy the serratm macpiuH and the levator angxili 
scajmlm. 

The scapula is long’ and narrow ; 
the low spine has no acromion ; tlie 
coracoid process is snial], and tluno is 
no clavicle. 

Tlie head of the humerus looks 
backward, and llie distal articular sur- 
face of the bone is comphitely gingly- 
moid. Tlic two bones of the antibra- 
chiuin are ancliyloscd ; the sliaft of the 
ulna becomes (?X('e(*diiig]y slendei-, and 
its small distal end Is (listinguishable 
only with diiliculty, articular sur- 

face for tlie carpal bones is, lh(n*efor(‘, 
almost wholly furnished by the radius. 

''rhero arc seven carpal bones, iln? tra- 
j)czium being obsolete. A line ]>ro- 



loijging the axis of ilio tliird metacar- 
pal and that of the os magmini docs 
not pass through tliat of the lunare^ 
but corresponds mor e nearly with the 
junction between sraphOules and 
hmare. 



The pollex and the fifth digit are 
suppressed, or repre^sented only by mi- 
nute nodules of bone, and the only 
complete digit is tlie third ; tlic seo 


, 9S. — Front viow of Iho riyht 
rnrpus of a llori^o. — 1. Ounel- 
forme, td. jjnijjn*. ii. Scji- 
pfti'iulcs. 4. Fiffilonrio. t*). X'n- 
ciformo, 0, Mai^iimn. 7. "I’m- 
pfzoidos. 


ond and the fonrth being re3)rescnted 

only by the splint-like metacarpal bones. The third meta- 
carpal, which is soinewliat llatttmed from before 1)ackward, is 
nearly symmetrical in itself. Careful observation, liowover, 
shows the inner moiety to be rather the broader. 

There arc two large sesamoid bones (the gnxd erscsamoids) 
developed in the ligaments whicli connect the inetacarpid witli 
the basal phalanx; and one transversely-elongated sesamoid 
gives attachmont to tin? tendon of the pcrfoi ating Hexoi*, and 
lies upon the ventral aspect of the joint betwecTi the middle 


and the distal phalanx. 
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Tiic ossa innommata are elongated, and their long axes, 
on the Icngtii of which depends the proportional size of the 
“ quarter ” of a Horse, form an acute angle with the spine. 
The crests of the ilia are wide and directed transversely, and 
the syrnpliysis pubis is very long. 



Fio. 99, — ossa innoininata (,)f a IToi*se vlowod from tho loft sido and behind.— 1. The 
crest, of tlio ilium. ‘2. "J'lie surth(a* by which it articulates with the sacrum.. 4. The 
acetabulum. 6. The ischium. 

Tlie femur has a largo third trochanter (^, Fig. 100), into 
wdiich the (jUitams maxlnms is inserted. Its head presents a 
deep ])it for the round ligament, and there is a peculiar and 
very (^Ijaracteristic fossa on the inner and posterior face of 
the distal moiety of the bone. 

The proximal end of tlic libula is reduced to a mere rudi- 
ment; its sliaft is not represented by bone; and its distal end 
is anchyloscd w^ith the tibia, and has the appearance of being 
an external malleolar process of tiiat bone. The distal end 
of the tibia presents two deep, obliquely-directed concavities, 
wdiich correspond with the convexities of tlie astragalus. 

There arc six or seven tarsal bones, according as the ento- 
a.nd 111 eso-eamei form bones remain distinct or become anchy- 
losed. The astragalus (Fig, 93 A, 94 H) is extremely charac- 
teristic. It presents tsvo convex rulgc^s separated by a deep 
fossa, and directed obliquely from behind and within, forward 
and outward, to the tibia ; and it has a nearly flat distal face, 
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uot borne upon anj distinct neck, which articulates almost 
wholly with the naviculare, presenting only a very small facet 
to the cuboid. 

The naviculare and the ecto-cunei- 


form are peculiarly broad and flattened 
in form (Fig. 93 A, 94 B). 

The metatarsus and digits repeat the 
aiTangcmeiits of tlie foredinib ; but tlie 
princij)al metatarsal is more slender in 
its proportions, and is flattened from 
side to side rather tlian from before baclc- 
ward (Fig. 93 B, 04 B). 

As might be cxpe(3ted, the principal 
peculiarities of th(^ nwiscular systeiti of 
the Horse arc to ])C observed in the 
limbs. 

The serraias maf/fiff.'i and ilio levator 
anguU sm.pulni (which really form one. 
muscle), together with a sterno-scapu- 
larL^^ form the great sling- already men- 
tioned, hy which the weight of tlie fore- 
part of’ the body is transmitted to the 
anterior extremities. Tin? jK)vv<‘r of 
abduction is hardly iK'cded by a |)urely 
cursorial animal; Jience the deltoid is 
reduced to its scapular portion, which is 
very small. On the otlicr haial, the 
pro- and re-tractors, the Ilexors and ex- 
tensors, are well devclopi'd. The supra- ^ 
and infra-fipinatus are largo. Thertj is 
a great cephalo-hurneraUs^ answering to 
the clavicular portions of tlie liumaii 
sternomastoid and of the deltoid, which 
run into one anotlier, in consequeiKie of 
the total absence of the clavicle. The 
anterior portion of the sternomastoid is 
fixed to the mandible, and thus becomes 
sternomaxillary.” 

The latisslmm dorsi and teres mus- 



« A. 


Fig, 1T)0. — A, foniiir of a 

Iforao, poRf.orior vlovr.— 

I. llfiul. % Great tro- 
chanter. 51. Third tm- 

ciiaiitor. 4. Lo.sscr tro- 

ch.'inter. 5, Fit for round 
I i a rn e « t. 10. Fossa. 

II. Condyles. 


eles arc very large, as are the flexors and ext<?nsors of tlie 
antibracuium. 


The supinators and pronators arc wanting; but there is 
a distict extensor minimi digiti^ the tendon of which unites 
with that of the extensor communis. Radial and ulnar ex* 
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tensoi’s of tlic carpus are also present. The flexor perfo7*atus 
has only a single tendon, which splits, and is attached, as 
usual, to the sides of the middle phalanx. The jiexor 2^er- 
foram alwso luis only a single tendon, which pierces the 
former, and is inserted into tlie lesser sesamoid and the distal 
phalanx. 

The inter o$sel of the third digit are represented only by 
the ligaments which (a)nnect the greater sesamoid bones with 
the iiKitacarpal, and in which a few muscular fibres are some- 
times found. Tliere arc said to be two otliers, one for each 
lateral metacarpal, and a lumhricalis. 

In the hind-limb, the femoral muscles arc in the Horse 
the same as in Man, but enormously developed. There is 
no tibialis anticus^ peromeus lorupts^ or brevis^ nor any tibialis 
posticiis, 

Tlie extotsor lonrpis dif/itoruni has a head whii:h arises 
fi-oin the exlcrnal coiuhde of the femur; there is a simple ex- 
tensor brer is. 

Til (i? flexor hal I u cis a 1 1 d flexor dir/ it o r urn perforans un ite 
into tlie single perforating flexor tendon for the distal phalanx ; 
while the perforated tendon is the termination of that of the 
plantar is ^ which passes over a pulley furnished by the cal- 
caneiun. 

The deciduous or milk dentition of the Horse has tlie fol- 
lowing formula : dd. — ^ duC, Ijd dan, ^ It is complete at birth, 
with the exception of the outer incisors, which appear before 
the foal is nine months old. The incisors have the same struct- 
ure as in the adult. The canines and first deciduous molars 
are simple and vc^ry small, the canines being smaller than the 
molars. In the upper jaw, the other deciduous molars all have 
the sjiine slnu'ture. Tlie outer wall of th<? tooth is bent in 
sucli a manner as to present, from before ba(?kw"ard, two con- 
awe surfaces separated by a vertical ridge. From the anterior 
end, and from the middle, of this outer wall, two lamina3 of 
the crown pass inward and backward, so as to be convex in- 
ward and conca-ve outward, and thus to include two spaces 
between tliomsolva^s and the outer wall. From the inner sur- 
face of tlie hinder part of each of these crescentic laminaa a 
vertical pillar is deveh^iied, and the inner surface of the pillar 
is grooved vertically. The outer wall, the laminre, and the 
pillars, are all formed of dentine and enamel, thickly coated 
with cement. Tlie attrition which takes place during mastica- 
tion wears down the free surfaces of all these parts, so as, in 
the long-run, to lay bare a surface of dentine in the middle of 
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eacli, suiTOiinded hy a band of enamel, and, outside ibis, by 
the cement with wliich the interspaces are lillc'd. '^i'ho band 
of enamel is simple and unplaited. The gei leial })attern of 
the worn surface may be described as consisting, externally, 
of two longitudinal cr(\sccnts, one behind tiie oilier, imd with 
their concavitit^s turned outward w hicrli arise from tlie wear 
of the w all; internal to these, of two oiIht crescents, i^^nlly 
transverse in direction, and connected by tluvir anterior ends 
with the w-all, wliieli ari.s<^ from the wear of tiie lamina^; find 
attached to tlie inner surface, of these, two lioiir-glass-shaped 
surfaces, producjed by the waair of tln^ groox ed pillars. 

In the mandible, the vstructure of the molars and the re- 
sulting pattern are quite dilferent. Th<‘ out('r wall presents 
twx) convex surfaces st'paraied ])y a. longitudinal depression, 
and thus reverses the eruditions obsmvablc in tlui upper 
molars. The result of the wear f>r tins is, necessarily, i^vo 
crescents, tlio coiH^aA'ities of wliicli are tunud inward. A 
vertical pillar, longitudinally grooved coi its inner faei^, is <k> 
vcloped on the inner face of the tf>oth at the jnnedion of the 
anterior and posterior crescents, and gives rise to a dee|)ly- 
bifnreated surface W’Ik.'U wxirn. A sccojid smalha* ])iJlar ap- 
pears in conned ion w ith the innm* fae<.‘ (>f iIh? pc^s b Tier <. Mid 
of the outi’r w all. 

Thus the grinding surface of the u|)]ier molars may hv. rep- 
resented by four crescents with two iniKr pillars; an<l that 
of the lower molars by tw o crescents with two inner pillars. 
Tlie u])per crescents are. concave outw^•^rd ; the h)wcr concave 
inward; and by this arrangement, tog<'tlier wdtli the unequal 
wear of the dentine, enamel, and eement, a |)ei niaiKMilly un- 
even triturating surface is secured. 

As is tlie general rule among Mammals, Hie first permanent 
molar is the first permanent tooth which appears (unless the 
eruption of tlie imicr incisor be contemporary w ith it), an<l it 
comes into plac*e and use long before the dcciduons molars are 
shed and replaced by tlie premolars. Ilenct^, wbon the last 
premolar comes into place as a fi-esb ami unworn tooth, tiie 
first molar, which lies next to it, is aln^ady c()nsid<*rably w orn. 
This disparity of wear is maintained for ci long tijiie, and 
furnishes a very useful means of dislinguishing the last pni- 
molar from the first molar in the adult, wIkmi, as in the Ifojse, 
the preitKlars and molai-s are very similar. 

The first deciduous molar usually falls out w Ikmi tlie first 
premolar appears, and is not replaced ; but it is occasionally 
retained. All the other milk-teeth have successors, and there 
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are three permanent molars. Consequently the dental formula 
of the adult Horse is 

. 3 • 3 1— 1 3 ' 8 3*3 . ^ 

I, - 3 . 3 V— 1 3*3 S "3 

The peniianciit canines ar<3 tlie last teeth to be fully de- 
veloped, and, iji the mare, they do not often make their appear- 
ance. Tlio upper canines are distant from the outer incisors, 
while the lovv(n* canines are quite close to them. In both jaws 
there is a wide interva], or diastema^ between the canines and 
the premolara. 

The deep valley of the incisor teetli becomes filled up with 
masticated matter, and thus the dark ‘"mark” is produced. 
As the incisors wear down, the mark cliangcs its form in con- 
sequence of the dilTerences in the transverse section of the 
valley at dilTerent points ; and ev'cntually, when the wear has 
extended lioyond the I)ottom of tlie valley, it disappears. The 
presence or abs(;nce of the “ mark ” thus serves avS an indica- 
tion of ag*(\ The structure and patterns of the griiuling sur- 
faces of the [lennanent molars arc essentially the same as those 
of the milk-molars; but tlie enamel becomes more or less 
plait.od ; and, at an advanced period of life, the development 
of the long teeth is completed by the formation of roots. It 
is important to notice that the last molar of the Ilorso is not 
more complex in its structure than the other molars, and that 
the last milk-molar is not more complex than the promolar 
which succeeds it. 

The alimentary canal of the Horse is about eight times as 
long as the body. The stomach, simple in its form, presents 
a cardiac and a pjdoric division, wliii^li are sharpl^^ distin- 
guivslnxl by the dense epithelium which lines the inner surface 
ot the forni(‘.r. 

The ca:cAim is enormous, having fully twice the volume of 
the stomach. There is no gall-bladder. A cartilage is de- 
veloped in the se[)tam of the heart. Tlicrc is no Eustaoliian 
valve, and only one anterior cava remains. The aorta divides 
immediately after its origin into an anterior and a posterior 
trunk ; tlm latter becomes the thoracic aorta ; the former is 
the source of the arteries for the head and the anterior ex 
tremities, giving off lirst the left subclavian, and then as 
an “ imiominata ” supplying tlie right subclavian and the 
carotids. 

The trachea divides into only two bronchi, no accessory 
bronchus being given off to the right lung. In the brain the 
following points are worthy of notice : The medulla oblongata 
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presents corpora trapezoidca. The flocctdi do not project at 
the sides of the cerebellum, and the vermis and lobes of the 
cerebellum are iin symmetrically convoluted. TJic cerebral 
hemispheres are ek)ng*ated and subeyliiidrical, and do not 
oV’erlap th(^ cerebellum ^^dlen the brain is viewed from above* 
The sulci are very deep, and s(‘paratc numerous gyri, upon tlie 
upper and outei* surhu^cs of the hcmisjdieres. Tlie uncinate 
gyrus (or natiform protuberamx^) and tJm region whieli answers 
to the insula are not hidden by the ov erlapping of the con- 
volutions in tlic lateral aspect of the brain. Tiio Sylvian fis- 
sure is indicated. The cor})us callosum is large, and the an- 
terior commissure is of moderate size. The j^osterior eonm 
of the lateral v cm it ride is wanting. 

Large air-sacs are connected with the Eustachian tubes. 

Tlie testes pass into a serotum, but the uiiguinal canal re- 
mains permanently open. 

The prostate is single. Cowper’s glands arc presemt, and 
there is a large uterus maseidlmis, Tlie largye ])enis is shel- 
tered within a j)re|)U(*c and is retracted by a special muscle, 
whicdi arises from the saca um. 

TIjc utc'rus is divided into two eorniia, and the vagina of 
the virgin mare is pioviihal with a liymcn. The period of 
gestation is eleven months. The yelk-sac of tho fartus is 
small and oval. Tho allantois sjinMids over tin? whole inferior 
of the chorion and covers tlio amnion, which is vascular. The 
minute villi whieli it sup[)lics with v<;‘ssels are evenly seaitered 
over the whole surface of tlie chorion. 

Tlie existing Mjirldm arc' naturally restricted to Europe, 
Asia, and Africa; and are distinguished into the Horses, 
whhdi have horny patcdies on the inner sides of both pairs of 
limbs — above the wrist in the fore-limi) and on the imior side 
of the metatarsus in the hind-limb; and the Asses, which 
possess such callosities only on the fore-limbs. 

Fossil reiiiains of JEqiddce arc abund:nit in the later ter- 
tiary deposits of Europe, Asia, and tlie Americas; but the 
group is not known to be represented earlier than the miocene, 
or later eocene, epoch. 

The are among the very few groups of Marnm(xli(i^ 

the geological history of which is sufliciently w(‘ll known, to 
prove that the existing forms have resulted from tlie gradual 
xnodification of very diitereiit ancestral tyi^cs. The skeleton 
of the older plioc^enc and xiewer miocene Illpparlon very 
closely rcscml)les tliat of an Ass, or a modmatosized Horse, 
Tliere is a curious depression on the hice in front of the orbit, 
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soinewliat like that which lodges the ‘^larmier’’ of a stag 
(traces of which are observable in some of the older species 
of JbJquus) ; otherwise the? cranium is altogether like that of 
a Horse, Again, the shaft of ihc ulna is ver^^ slcnd<?r, but it 
is larger than in tlio Horse, and is distinctly traceable through- 
out its Avliole length although tirmly anchylosed with the 
ra<liu.s. The distal end of the fibula is so completely anchy- 
losed with tlie tibia, that, as in the Horse, it is dillicult to 
discern ;uiy trace of the primitive separation of the bones. 
Hut, as has been already mentioned, each limb possesses three 
coinplele toes — one strong, median, and provided wdth a large 
Ijoof, while the two lateral toes are so small that they do not 
extend beyond the fetlock-joint. In the fore limb, rudiments 
of tlie first and fifth toes have been found. 

The teeth arc exci^edingl}^ like tliose of the Horse, but the 
crowms of the molars .‘W'O sliorf er; and, in tlie upjier jaw, that 
Avhich, in the true Horses, is a hu'gc fold of the inner face of 
the tooth becomes a detached pillar. The smaller plications 
of the enamel are also more numenms, close-set, and compli- 
cat(?d. On the outer face of the low’cr milk-rnolars there is a 
ctduinii such as exists in the Stags. Of this a rudiment exists, 
as a fold, in the corresponding teeth of the existing Horse, 

In the genus Anclilihcninn^ all the knowni remains of 
wdiicli are of older iniocone (and, ]>erhaj)S, mnver eocene) age, 
the skeleton in geiieral is still extraordinarily like that of a 
Horse. The sknll, liowevcr, is smaller in pjoportion than in 
the Horse, and the jaws are more slender. Tlie hindermost 
molar tooth is situated farther back under the orbit, and the 
or])it itsidf is not completely encircled by bone, as it is in the 
Horses and Hip))arions. 

The shaft of the ulna is stouter than in Illppanon^ and is 
leSwS closely uuiied with Die radius. The fibula appears, at aiiy 
rate in seme cases, to have been a complete though slender 
bone, tlie distal end of wliieh is still closely united with the 
tibia, though mucii more distinct than in the Hipparions and 
the Horses. In some specimens, however, the luiddle of the 
shaft seems to have been incomplclcly ossified. Not only are 
there three toes in each foot, as in flipparlon^ but the inner 
and the outer toes are so large that they must have rested 
upon tlic ground. Thus, so far as the limbs are concerned, the 
AnchUheriurn is just such a stop beyond the Hlpparion^ as 
the ITipparion is beyond the Iloi se, in the direction of a less 
syiecialized quadruped. The teeth are still more divergent 
from the Equine type. Tlie incisors are smaller in proportion. 
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and their crowns lack the peculiar pit which characterizes 
those of .Eqims and Ilipparlon. The lii sfc grinder is propor- 
tionately much larger, especially in the np]>er jaw, and like 
the other six has a short crown and no thick C(jat of ceinonk 
The pattern of their crowns is wonderfiilly simplilied. The 
fore and hind ridges rim with but a slight obliipiity acaoss the 
crown, and the pillars are little more tlian enlaig-oments of ilic 
ridges, whilf> in ihe lower jaw tiiese pillars liave almost disap- 
peared* Bat the foiemost of the six principal grinders is still 
somewhat larger than tlio rest, atal the jK>stei’ic)r lobe of tlie 
last lower molar is small, as in the oilier E(pddm, 

In all those respects in which jhicfiUhcriuni daparts from 
the modern Equine type, it approaches that of tlio extinct 
PalmotJuirki ; and this is s(.» much the case that Cuvier con- 
sidered the remains of the AneJiildieriurti with which he was 
acquainted to be those of a species of lAdiftotlierlarii, 

h. In the lihinocerothLrj the second, third, and fourtli toes 
are nearly equally developed in IhiIIi the fore- and the hind- 
feet. 

The dental formula is /, or L ^ ‘ ^ ^ ^ 

But the teeth diiHvr from those of the .1 Torso in many other 
respects liesidos the number of the iiuusors and tin? absence of 
canines. Thus, the npjior incisors diller greatly in form fj’om 
those whkili are situated in the lowm* jaw ; and, in some spe- 
cies, incisors arc absent. Tlieir crowns are* not folded as in 
the Horse. The pcciiliariih.'S of ilie grimling teiMh will bo 
mentioned below. 

TJio skin is Y(*ry thick and may bo convertiMl ini.o a jointed 
armor; the hair is scanty. 'Jdat iqipcr h[) is much produced 
and is very flexible. In some species oik', or sometimes two, 
horns arc attacluMl in the middle line to the nasal or frontal 
bones. But tliese horns are formed, as it were, lyy agglomer- 
ation of a groat number of hair-like shafts. 

The distal phalanges of the tridactyle had. of tlic Rliinoce- 
ros are invested by small bool’s; but tlu'so do not entirely 
support the weight of the body, which resis, in gn^al measun*, 
upon a large callous pad developed from the under fac^o of tlitj 
metacarpal and nnhaf-a^sal regions ; these Mro mncli shortrM' 
than in the Horse. 

The durso-lumbar vertebrae are twenty-two or twcnfy-thi ee, 
of which twrmty are dorsal. There are four sacral and tweu- 
ty-two caudal. The cervdcal vertebrae, as in the Horse, Jire 
strongly opisthocoelous, and the transverse processes of the 
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last lumbar articulate witli those of the penultimate lumbar 
and with the sacrum. 

The skull differs from that of the Horse in the absence of 
any frontal or zygomatic processes in consequence of which 
the orbit and temporal fossa form one cavity. The nasals are 
immense, and an? stq>aratc‘d from the proinaxillie by a wide 
extent of the maxilla on each side. The premaxilhc are rela- 
tivaiily snudl and reduced to little more than their palatine por- 
tions. The glenoidal surface of the mandible is transverse 
and convex. The squamosal sends down an immense post- 
glenoidid 2:)rocess, wbicli is longer than either the post-tym- 
panic or the |)aramastoid. It unites with the post- tympanic 
to form a kind of false auditory meatus, in the absence of any 
pro}3er ossified canal of tliat kind. The periotic and the iym- 
])anio bones are anclivlosed, tlie lympanic being a iiKire irreg- 
ular hoop of bone. The mastoldca is completely hidden 
by the jimciion of the short i^osf-tytnj^aiiic with the long par- 
amastoid. Tlio hinder margin of the bony palate is op2>osite 
the middle of the antepemilfimatc molar. 

'Ike mandibular condyle is transverse and convex. The 
j:>eipendicular portion of the ramus is largo, and the coronoid 
2:)roc(;ss ascends slightly above the condyle. In a vertical and 
longitudinal section of the skull, the form of the cerebral cav- 
ity is seen to be similar to that of the llorse. The inner and 
outer tables of the bony roof of the skull are separated by 
great air-cavities. 

The spine of tlie scapula has no acromion, but gives off a 
strong recurved process from the middle of its length. 

The radius and ulna arc couqileie, but are anchylosed. 

The cnr[>ns has the eight ordinary bones. In the manus 
.the digits ii., iii., iv,,aro complete, and a bony tubercle articu- 
lated witii the outer facet of the. ciDieiJhrmc rejweseuts digit 
V, The digit: iii. is largest and longest, and its phalanges are 
symmetrical in themselves ; those of the digits ii. and iv. are 
not symmetrical in themselves. I'hc terminal plialanges have 
somewhat tlie foiin of the cofhii-bonc of the Horse. 

The ilia have wide, transversely-directed crests, as in the 
Horse. The femur is provided with a very strong third tro- 
clianter. The tibia and the fibula are complete, and the tarsus 
has the ordinary seven bones. The pulley of the astragalus 
is not very deeply grooved, and is hardly at all oblique. The 
facet for the cuboid is very small. The metatarsals resemble 
the metacarpals in their number and symmetry, but there is 
no rudiment of the fifth. 
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In some species ol llhlnoceros there are incisors in the 
milk detention, uiicl l~l or ji- incisors in the porniancrit denti- 
tion, In the laiier tlie upper incisors are large, long-crowned 
teeth, very unlike the lower ones, of wliieh it seems probable 
that onl)^ one pair, in any case, are peririaiient tcetJj. In some 
Rhinoceroses, as has been already slateil, (he adult is devoid 
of incisor teeth. 

Then^ are no canines in cither dentition. Of llie four inilk- 
niolars, the first, as in the Horse, is sinalk'r tlmu the otliers, 
and is not replaced. The structure of l)olh the upper and the 
lower molars is substantially the same as in the Horse, but the 
roots are developed much sooner; the laininie of llic upper 
molars take a tiiuch inor(i transverse direc tion ; the lanrinje of 
the upper molars do not detelop pillars, ihovigli accessory 
crests may be developed from ilie two faces of ilic posterior 
lamina; the lower molars, have no pillars; and tlu^ cement 
does not fill up the valleys betweeu the w all and llie laminte. 

The cardiac division of the simph', though large slomncli, 
is lined by a while callous epithelium, as in the Horse. ^Jdie 
small intestiiio jirescnts larg'c proce.ss<*s cn* tags, lialf an incli 
long or more, upon which the true villi arc borne. Tlic 
civcuni is very large, and the colon (aKU'inous. Thcao is no 
gall-bladder. Tlie heart and brain are \ery similar to those 
of the Horse. 

The male can hardly be said to havci a^ scrolum, as the 
testes lie close to the abdominal ring. A prostate, V(\si<ai]ie 
seminales, and Cowper’s glands, arc ])r(?s(‘nt. The long penis 
has a mushroejm-shaped glans, and the animal is redromingent. 
The cornua uteri are proportionately longer tlian in the mare. 
The teats arc two and inguinal in position, ddio characters 
of the foetal membrane's and the nature of tluj ]>la(i{‘nlation are 
unknown. 

At the pnisciit day the genus Itldnoreros is con lined to 
Africa and Asia. The African species ail have two horns, 
a nearly smootli skin, and the adult has no incisors. The^ 
Asiatic species have? one liorn only (eoxc^ept that of Sumatra, 
which has two), ddie skin is inarked out by deep folds into 
shields, and the adults have well-developed incisors. . 

Rhinoceroses are known in the fossil state as far back as 
the mioccne epoch. ticliorhinvs^ with the nasal s(?ptum 
ossified, and a covering of long woolly lia ir, inluibitcd Europe 
and Asia during the cold of the glacial c}xx‘h., J2. tnemvus 
had four digits in the manus, and larger incisor teeth than any 
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existing species. li, hexaj^rotodon lia<l more niiitierous incis- 
ors than any t)t]ier species. 

r*. In tlie Tapir i dm there are four toes on the front-foot, 
though tlie ulnar cligit dues not reach the groimu. The hind- 
foot lias tln ee toes. 


The <]eat al fonnula is /. 


11 i ' 3 

i:i iKin, J.5 Hi, 


The molar tecMi each ]')r(^seiit two transverse, or slightly- 
oblicjue ihlg<^S, connected by a low wall externally. 

The skin is soft and hairy, and the muz/le and snout are 
prolongiMl into a short prolioscis. 

The Tapirs have twenty-throe or tweiity-four dorso-lumbar 
vertebnu, ol* wliieJi ninet(;en or twenty are usually dorsal. 
The centra of these vertebrio, and the traiisversi? processes of 
the last lumliars, have the same peculiarities as tlioso of the 
Ilorso and Ivhinoc'.eros. There are seven sacnil anfl about 
twelve caudal vin'tebra?*. The skull is partly Ithiuocerotie, 
partly hlqaine, in its characters. Thus there is a sagittal crest 
— the j:)Ost-tympjmic processes are large, but tiny are not so 
long as the paramastoids, and tlay do not unite with the post- 
ghmoidal processes beneath the meatus. In tln.'se respects 
the Tayiir is Horscvhki', but in tlie following it is more Rhiiio- 
ccivrtic. 

Thus tym]>:mic is quite radiiiicntary ; the post-gleiioid- 
v-al process is larger Ilian in the Horse; the orbit is not sepa- 
^rateii from the tcanporal fossa; the nasals arc ’widely so [)a- 
rated from the ]ireniaxilhe ; the premaxilhe are very small, and 
are csarly anchylosed. 

The hinder luargin of the osseous palate is opposite the 
anterior edge of the penultimate molar. The mandibular rami 
unites in a very long symphysis; the ascending pc.irtion of tlie 
ramus is ]arg(^, and pro)<H;ts backward with a convex edge in 
a rcmarkahle nunmer, Thm'e is a Ingii coronoid ])rocess. 

In tlie fore-limb, the scapula lias no aeronilon, and the 
coracoid is a ir\ere tulicrctle. The s u[) rasp i nous fossa is vorv 
miieh hirgcn' tliaii in the Horse or J^liinoccros. The radius and 
the ulna are completi', but not niovaldc ujion one another. 
Although, by the completion of tlse fifth digit, in addition to 
the Second, third, and fourth, there are four digits iu the 
inanivs, the Perissodactyle character is manifested by the fact 
that the third is longest, and symmetrical in itself, wdiile the 
others are asymmetrical. Tlie femur has a strong third tro- 
chanter ; the fibula is complete; the astragalus more Khiuo- 
cerotic than Equine. There is no trace of a hallux, but the 
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fifth digit of the pes appeals to be represented by an osseous 
rudiment. 

In the presence of the full coiiiplemeiit of incisors and 
canines the Tapir is more Horse-like lluui iviniiocerotie, hut is 
stiir very peculiar ; for tlio outer upper incisors arc Jarger tlian 
the caniueSj while the outer lower incisors are iniieh siiialler 
than the calunc^s, and arc apt to fall out at a certain age. Tiio 
caninc^s, are still more closely approximated to the ineisors 
than in the Horsej especially in the lovvc'r jaw, and, conse- 
quently, the diastc3ma is very large, d'he six posterior molars 
in the upper jaw, and the live posterior molars in the lower, 
presemt nearly the same structure, ddun-e is a low oiitc^r wall 
with two slightly-marked coiK'avituis (in the maxillary teeth) 
or convexities (in the mandibular teeth) on its outer face. 
Fi’om this two ridge-like lamime run inward and a little back- 
ward across the crown of the tooth, Th<> valleys are broad 
and shallow, and tlic'. coat of cennent veny thin. Tlie molar 
tooth of the Tapir thus rc'presents the plan of strnciuixj cxmi- 
mon to the in its siiiqilest form. l)e<‘])eu ilic^ 

valleys, increase tlie curvTrturo of the wall and Luninie, givo 
the latter a more dircclly backward sIo[)e; cause tluan to de- 
velop accessory ridges and pillars, and inetoase tiu? (juantity 
of oeineut ; and the uppeu' molar of the Taf>ir will gfadiially 
pass through the structure of that of the Khinoemos (o that 
of the Horse. 

In the antoior upper j)remolar (or milk-moltir ?) the an- 
terior moiety of the crown is incomphdcly d^ vcIcqHal. In the 
anterior lower premolar the anterica* basal [aocn'ss, which (ex- 
ists ill all the molars, is excessively developed, so tfiat the 
crown of the tooth assumes the bicreseentic, pattern of the 
Riunoccros’s lower grinder. This prol)a])ly iudiriates the man- 
ner in which the Tapiroid form of inferior molar is converted 
into the Rliinocerotic, or Equine, form. 

The stomach is simple and oval, the cardiac and jiylorio 
orifices being closely ap[)roxiinated. 33ie caecum is proportion- 
ally smaller than in the Horse or Idiinoceros. There is no 
gall-bladder. The heart is devoid of a septal bone and of a 
Eustachian valve. Tiierc is only a srnr/le vena cava anterior^ 
and t|^e aorta divides into an anterior and a ])osterior trunk. 
There is no third bronchus. No distinct scroi run is present 
There are vesiculm seininales and prostatic glands, but n6 
Cowper’s glands. The placentation is diiluse. The teats are 
two, and inguinal. 

There are tw^o or three species of Tapir at present living 
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in South America and one in Southwest China, Malacca, and 
Sumatra. The genus Ta/rirus has bec'ii found h)ssil in Europe 
in rocks of miocenc age. The closely-allied extinct genera 
X/Ophlodon (and Coryphodon?) carry the dhpiridcB back 
tlirong'h the eocene ejiocli. 

d, Tlio l\dmotherida'. — Tljese a7c all extinct animals, the 
r<iinains of which are found in th(? older tertiary rocks ; and 
which ar(^ closely allied, on tlie one hand, with the Horses and, 
on the other, with the 'ra])irs. 

The typo of the family, l^ila otheridhiin^ resembles the 
Tapir in most respects, but lias only three digits in the man us 
as well as in the pes. The dental formula, however, is 

L V V 1-1 -t--; t* The diastema is snniller lljan in the 

Tapir, and tlie ]>Mtterns of the grinding teeth (jf both jaws 
are more likc^ those of the Khinoceros. 

e, '^I'he ^dctcrauchemdiB . — 'Fhc genus Maercmidiema is also 
ail extim?t form, whicli ociairs in later tertiaiy or (juaternary 
deposits in South America, 

Tlie Ibet are tridactyle, and the dmital formula is 

i, c. JvJ ^>.7/0 m, The tectli are dispost^l in a nearly 

continuous scries. Tlu^ crowns of the incisors pr(‘sent a deep 
fossa, as in the Jujuidee, Tlic molars arc in part E(juino, in 
part ivhinocerotic in character. Tlie skull is, on the whole, 
Equine, but the imsal bones are very sliort and Ta})iroid. The 
v(n*tcbne of the long nec^k lire extr-aordinajvily similar to those 
of the Camelidce^ and especially of tlic Llamas. 

2. Tlie Artiodactylit, — ^^LTie nuinb('r of the dorso-lumbar 
vertebrte in this groiij) is always fewer than twentydAvo, and 
rarely exceeds nineteen. 

Tlie third digit of each foot is asyminctrical in itself, and 
usually forms a synmndrical pair with the fonrtli digit; and 
the functional toes of the liiiid-foot are even in innnber — that 
is to say, either two or four. 

The hmiiir i.s devoid of any third trochanter; the facets 
upon the distal face of the asi-ragalus are subequal, that for 
the cuboid being nearly as largo as that for the navicular 
bone. The tym])anic is large, and. the pterygoid process of 
the splienoid is not perforated. 

The posterior premolar teeth usually difler a. good deal 
from tlie succeeding molars, being simpler in pattern. The 
last milk-molar in the lower jaw is trilobed ; but this is also 
the case in some Ferissodactyla, 
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The stomach is more or less complex. The crecum, thoiigli 
well developed, is smaller than iu llie PerlHSodactylif. 

^JMie maiiiiaie are inguinal Or ahdominai, WJicn hovtis are 
present, they are double, supported, wholly or partly, by the 
frontal bone and provudctl with an osseous core, which is 
almost always an oulgrowtli from tliat bone. 

The Artiodaotyla arc divisible into the N'on-Jdivynnantia 
and the liamhiantm. 

A. The usually hav^o more than one pair 

of incisors iu the u])[>er jaw. The inolai* ttudJi have citlier a 
inaininillate, a transvairsely-ridged, or a rlitnooero tic pattern. 
In only one genus, Plcotyles^ are any of the metacarpal or 
metatarsal bones anchylosed together. Th(>y are devoid of 
horns, and ihe stoniac^h lais rar<dy more than two divisions. 

The are divisibh.^ into thrc^o families: 

The Suldn^^ the Illppopcytam/tdiP^^ the Anoplothyrldtjo ; but 
more or fewer of the members of this hist group may havii 
ruminat(Hl, 

a. The Suidee have the skin of moderate tliicknoss and 
hairy; the limbs slend'cr, and Ihe tlnrd and fourth tetes con- 
siderably longa::r than the second and fifth. 'Phe ioais are 
abdominal, and there is a scrotum. Tiie denbil foianula varies 
considerably, but the molars have a mnltilnberculab^ or trans- 
vorsely-ridg(Ml grind ing surface. 

In the genus the dcmtal formula is /. c, J;] p,??i, 

4 4 3 ’ 3 ' 

By way of (joiitiast with fhc Horse, I add some mon^ de- 
tailed statements regarding the anatomy of the Pig as a, com- 
mon and very good example of an Artiodactvle. Tlie Pig has 
seven cervical vertebra?, iiiiieteen'^ do)*so-lumbar, of whicli 
fourteen arc dorsal, four sacral, and twenty to twenty-three; 
caudal. The atlas has wide oblique ahe, as in tlie Horse. 
The centra of the other cervdeal vertebru; arc slajrt, with 
nearly Hat articular surfacr^s, and tliis 11at.n(;ss is rcitained in 
the clorso-lumbar region. Tlie t;ervi(;al and dorsal vertebrtc an; 
provided with long spines, tljat of tlm first dorsal vertebra 
being the longest of all. Up to the twelft h dorsal the spines 
all slope ba(;kward ; beyond it they slope forward, if at all. 

In the ninth dorsal vertebra the postzyga]jo[)hysis presents 
an articular surface on its dorsal side, and t he prezygapophysis 
of the tenth vertebra bends round so as to overlap this surface. 
This character is continued, in the siicc(;c(iing viirtebra; as far 

♦ Exceptionally, the nuinher may be increased to twenty-two. 

u 
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as the first sacral. The transverse processes of tlie penulti- 
mate and last lumbar v(?rte])rae are tolerably long, but they are 
inclined forward as well as outward, and do not articulate 
with otie another, or with tlie first sacral. 

In the skull the supraoccipital is iiK^iined upward and for- 
ward into a gTeat tniusversc crest, to which the parietals con- 
tribute but little. The j)arieials arc early ancliylosed. The 
temporal ridges remain wdd<‘ly separated in tin? middle of the 
roof of the skull. 

The frontal bone has a post-orbital process, and so has the 
jugal, but the two do not meet so as to bound the orbit. The 
lachrymal is very large, and its two canals open on the face. 
The nasals arc very long, and the imanaxillm unite with thorn 
for a great distance. There is a yrramasal bone, or ossification 
of the cartilaginous septum of tlu? nose. Tlie bony palate ex- 
tends back beyond tlie level of the last molar. The base ol 
the external pterygoid process is not pmforated. Tiic surface 
for the articulation of the lower jaw is transversely elongated, 
convex from before backward, and bounded behind and inter- 
nally by a post-glenoidal ridge. 

llie tympanic bulla. is very large, and the exceedingly long 
bony meatus curves upward and outward, between the squamo- 
sal and the mastoid, with both of which it is anchylosed, to 
the root of the zygoma, where its aperture looks almost directly 
upward. The post-tympanic is closely appressed to the post- 
glenoidal process, so as, with the latter, to encircle the meatus. 
The proper mastoid is distinct, though short, but there is a 
very long paramastoid developed from the exoec'ipital and ex- 
tending bfdiind and below the mastoid. 

The rami of the mandible arc completely ancliylosed at the 
syrnplij^sis. There is a long perfiendicular portion of the 
ramus. The condyle is transversely elongated and convex, 
antero-posteriorly ; the coroaoid process ascends hardly higher 
than it. In a longitudinal section, the cavity of the cereliral 
hemispheres is more rounded than in the Horse, and lies 
above, as well as in front of, tliat for the cerebellum. 

The scapula is long and narrow. It is devoid of acromion, 
and has but a small coracoid process. 

The radius and ulna are complete, but are aiichylosed to- 
gether in the prone position. The distal end of the ulna 
articulates with the cmieifonn bone. 

The carpus contains eight bones, but the radial bone in 
the distal series may be either the trapezium, or a rudiment 
of the pollcx. The lunare and the axis of the third metacarpal 
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have the same relation as in the Horse. The tliird and fourth 
digits are larger than llie other two, and form a sjiiiinetrieal 
pair. There are sesatnoid bones on the ventral face of tlie 
articulations between the luetacarpal and tJie basal phalanx, 
and of that fietween the middle and (l>e distal phalanges. 
E«ach distal phalanx is incased in a small lioof. d'he femur 
has a round ligament. There is no third trochanter. The 
fibula is complete, and its distal end articulates with the caJ- 
caiieum. There are the usual seven tarsal bones. The tibial 
end of tlie astragalus lias the form of a dee])Iy-grooved pu]]<‘y, 
the direction of the g'roovc coiaespoudiug nearly with the 
length of the foot. 'Idie distal cud presents a convex sub- 
cylindrical surface divided by a ridge into two facets, of 
which one is smnewliat less tlian the (^>11101', rind articulates 
with the cuboid. 

Tlie metatarsus and jihalangcs of tlie })(‘s are disjioscd like 
the corresponding* bones in the rnaniis. 

The fore-part of the body is su])ported u])ou the anterior 
extremities Iw a muscular sling composed of the s'errati/s^ leAXi- 
tor aiul st^^r noscapular rnucli as in (lie Horse, 

with which the Pig exhibits a. general con’csjiondem e in its 
myology. The muscles which move the digits, however, have 
undergone less modificaition. Eacli digit of the manus, for 
example, has its proper extensors, aiul thca’c is an extensor ossls 
wctacarpi polllch xvhioli ends on the basal jilialanx of tlie 
second dig if. A pronator teres is inserted into the lower half 
of the nidins. The Jkxor perforaluH lias only tw o tendons, 
which go to the tliinl and fourth digits. Jfexor perforans 

sends two large tendons to tlic third and fourth, and two small 
ones to the second and fifth digits. There is a large intcros- 
sens muscle on the radial side of tlie third digit, and another 
on the ulnar side of the fourth ; but the interosmi of the iuti^r- 
spaee between these digits are represented only by fibrous 
tissue. The second and fifth digits have each two interosseL 
There is no soleus. The strong and flesliy plantaris arises 
from tlio outer condyle, bciieatii the f/astroc 7 iernh(s ; and, en- 
closed between the two heads of flie latter, passes to the 
inner side of the tendo AchiUls ; its tendon curves round this 
tendon, passes over liic end of the calcancum as over a pulley, 
enters the sole, and finally divides into the two j^eribrated 
tendons of the third and fourth digits. The inner and outer 
digits of the pes, like tliose of the manus, have no perforated 
tendons. 

A large and fleshy halhicls longits arises from the 
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fibula and the interosseous ligament, and its broad tendon 
passes into the sole and coalesces with tlio tendon of the 
smuWev Jie,v or longus cUgltoram. Tlic conjoined tendons divide 
into four sli}).s^t\vo large, median, and two small, inner and 
outer. These go to tlic disial phalanges and sosainoids of the 
respective digits. 

The tibialis posticus is absent, but there is a small tibialis 
anticus. 

A very complicated muscle represents tlie extensor longus 
digitorum and the peronmis tertius. 1 1 arises by (a) a strong 
round tendon from the outer condyle of the femur, just in fi’ont 
of the external lateral ligament. From this tendon proceed 
two fleshy bellies, one of which supplies tendons to the third, 
fourth, and fifth digits, wliile the otfier ends in a broad band 
of tendinous fibres, Avdilch is inserted into the thii^d metatarsal 
and the cctocuncirorm. Into this band is inserted (b) tlie 
second flesliy head which arises from th(^ nj>pcr part of the 
tibia ; and i]} is traversed by the tendon of (c) tin? third head, 
which is slender, arises from the fibula, and s(mds its long and 
deli(;ate tendon to the dorsum of the second digit. 

Tho pcro/ianzs longus is presend, and its ieaidon is inserted 
into the entocuneifiirm and the second metatarsal. There is 
i\o peronmus brevis. A. 2 yeron(:ms 4:ti et bti dlgitl arises from 
the upper part of the fibula, beliind i\m peroneeas longus^ and 
ends in a tendon which passes behind, and on tho inner side 
of, that of the latter mnscle, to the dorsum of the foot, where 
it divides into two branches which join the extensor sheaths 
of the fourth and fifth digits. 

The extensor brevis goes to the two middle digits, and is 
connected with tlie middle tendon of the extensor longus, 

Ti»o iyUerossel are similar to those of the manits. 

The formula of the milk dentition of the Pig (which is com- 
plete at the third month after birth) is dJ. ', 4 

The outer upper Incisors are directed obliquely outward 
and backward. In the upper jaw, the anterior two molars 
present sharp longitudinal edges, wdiile the posterior two 
have broad crowns Avith two transverse ridges. In the man- 
dible the antei'ior three molars have sharp longitudinal edges, 
while the hindermost has a broad, three-ridged crown. 

The first permanent molar is the first tooth of the per- 
manent set which comes into iMace (at about six months after 
birth), and the permanent dentition is completed in the third 
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year, at which time tliQ first deciduous molar, which is not 
replacied, falls out. Hence the formula of the permanent deuti- 

tion IS t. i"i pjn. 8 T 3 m. 3.3 40. 

The pcrinancTit incisors in the upper jaw have sljort, broad, 
vertically-disposed crowns, and lie in a longitialinal series, the 
external being s('[)ariitcd by an interval from tlie otliers. The 
elongated inferior incisors He side by side, arc greatly inclined 
forward and upward, and are grooved upon tlioir upper or 
inner faces. Tlie strong, angulaled crowns of the canines are 
bent upward and outwaid in both jaws, ^Hiey work against 
one another, in sncli a. nuinncr that the in>pcr wears 011 its 
anterior and t‘xternal face, the Iowan’ on the jioslerior avspcct 
of its apex. The crown is of the premohirs are all brought to a 
cutting longitudinal edgx?, wliihi the molars have liroad crowns 
with transverse ridgc's subdivided into tubercles. Of these 
ridges tliere are tw^o in tlie anterior tw'o molars of each jaw^, 
while the posterior molar is more complex, having at fewest 
three distinct ridges. 4 die molar tetdli all develop roots ; but 
tlie canines continue to grow' for so long a lime, in liie Boar, 
that they niiglit be sai<l to b(j rootless. 

The alimontary canal is ten or tweh i^ iimes as long as the 
body. 

The stomach is less simple in structure than it appears to 
be at first siglit. The cardiac end presents a small caicum, in 
wdiicli is a spiral fold of the mucous mcinbrane ; and, at the 
entrance of tlie o^'sophagns, the epitliolial lining is folded so 
as to form a sort of valve. Folds of the mucous membninc, 
between which there lies a groove?, extend from the cardia 
toward the ]yyloriis, and foreshadow^ the more devfdoped struct- 
ure observable in Kumi mints. 

The emeum has not above onc-sixtli the capacity of the 
stomach, and the ilium projects into it, so as to foian a very 
efficient ihocaical valve. The liver is provided w ith a gall- 
bladder. The licart is dev'oid of a Fusta.chian valvt?, and 
sometimes, but not always, posscNSses a septal ossification. 

There is only one anterior cai a. The aorta gives off an in- 
nominata^ whence the right siil^clavian and tlie two caroti^ls 
arise, and a left subclavian. This is an aiTangemciit midway 
between tliat observed in the Horse and that in Man. 

The trachea, b(*foro It divides, gives off a tliird bronchus, 
which passes to the right lung; and tlie lungs arc deeply lobed. 

In the brain tlie cerebral hemispheres rise above the cere* 
belliini much more than they do in the Horse. 
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In the male, the penis is contained in a long prepuce, and, 
like that of the Horse, is devoid of a bone and provided with 
retractor muscles. The prostate is lobed. There is a lai*ge 
uterus masculinus and well-developed vesiculie seminales. 
The ducts of Cowper’s glands open into a cmcal cavity con- 
tained in the muscular bulb. The testes descend into a scro- 
tum. In the Sow, a pair of Gaertner^s canals^ or persistent 
Wolffian ducts, open into the vestibule beside the urinary 
meatus. Tin? uterine cornua are very long, and the ovaries 
are lobulated. The jicriod of gestation is sixteen to taventy 
weeks. The ovum, at first sjdierical, retains that form until it 
attains a diameter of nearly half an inch. It then rapidly 
elongates into a coil(Kl filiform body, as much as twenty inches* 
long. J3oth the alhiiitols and the iimlhlical vesicle at the same 
time assume a spindloshape. 

The allantois soon ])CCom(\s dividixl into an internal epithe- 
lial and an external vascular layer ; tlic latter ))ecoming united 
with the chorion, through tlie extremities of which the allan- 
tois eventually passes. The villi are very numerous, minute, 
and s})read over tlie whole surface of the ovum. 

The Siddm exhibit great variations in their dent i( ion and 
in the structure of the stomach. 

In l\)rcns (the Babyrussa) the dental formula is i, ~ c. 

~ g ; tlie canines are enormously clougatcd and roeiirved, 

and the pharynx is provided with peculiar air-sacs. 

The stomach is divided into three chambers, and the groove 
leading from tlic ceso[)liagiis toward the pylorus is more dis- 
tinctly marked iliau in the Sus, 

lu Dlcotifles (the l^cccaries) tlie upper incisors are also 
reduced to two on each side, and the molar teeth present 
transverse ridges, wlilcli arc more distinct and less iubereulatcd 
tliJin in 

The stomach is divided into tliree sacs, and is provided 
with an a^sopliageal groove as in the preceding'' genus. 

The middle metatarsals and metacarpals coalesce into a 
cannon-bone, and the fifth digit of the pcs is represented only 
by its metatarsal. 

In ,Phacoc7i(Bras (the Wart-hog) the upper incisors are 
reduced to one pair, and the hindermost molars, which are the 
only ones which are not shed in tlie old animal, are of great 
size, and possess a complicated, tnbcrculated structure. 

The SuldcB are represented by one genus or another in ali 
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tlie great distributional provinces except the Australian* and 
Novo-Zelaniaii. I^orcus is peculiar to part of the Malay Ar- 
chipelago, J}leot)jles to South America, and Phacoohairm to 
South Aft’ica. 

A great variety of swiac-like Tlngulata existed during the 
deposition of the older tertiary strata, and are the earliest 
known members of the group. 

b. The lllpiwpotamidm represented at present only by 
the genera Ilippopotarmis and Ofmropus. Tliese animals 
have a huge head, a heavy body, covered with a thick integu- 
ment, provided with scanty hairs, and short, stout, tetradactylo 
limbs, all the four toes of which rest on the ground. The 
female has inguinal teats, and the male is devoid of a scrotum. 

The dental Ibrmala of the adult Hippopotamus is i, W 
c, \.\ pan, m. while Olmropus has only two incisors in 

the lower jaw. Tlie tubercles of the molar teeth, when ground 
down by mastication, present a double trefoil patiern, and the 
hindermost inferior molar is trilobed. The incisors are straiglit 
and tusk-liko. The very large and curved canines ar<^ directed 
downward in the upper jaw, upward in tiio lower. Their mu- 
tual attrition wears the anterior face of the exlrcimity of the 
upper, and the 2)osterior face of that of the lower, flat. 

The milk dciititi(ni consist of dx. j.-j d:uK The 

last lower deciduous molar is trilol>ed, and the first deciduous 
molar persists a long time, and seems not to be re[)laced. 

The stomach is divided into three or h^ur compartments, 
and there is no c:Tecurn. TIkj liver lias a gall-bladder, and the 
kidneys are lobulated. 

Tlie skeleton is very pigdike, l>ut in senno respects ap- 
proaches the Hum i nan is. 'riic centra arc slightly convex in 
front, and concave behind, in the c(?rvieal region, but not else- 
where. The prezygapo})hyses overlaj^ the jiostzygapophyses 
in the posterior dorso-lumbar vetobra\ On tlie other hand, the 
transverse processes of the last lumbar vertebra; articulate 
with those of the preceding and succeeding vei’ti;])ra^, as in 
the Horse and other Perissodactylcs. 

In the skull the orbits arc nearly comjjlete jiosteriorly, and 
they become almost tubular by the outward jnoductiou of the 
frontal and lachrymal bones. 

The nasals and fireniaxilke unite for a gi*eat extent. The 


* The Papuan pig may have been Introduced from tlio westward. 
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osseous palate is lon^ ; the largo tympanic bone is anchylosed 
with the approximated post-glenoidal and post-tympanic pro- 
cesses. 

The mandible is extremely massive, and has a backwardly 
produced angle. 

Tiie senpula lias a short acromion. The radius and ulna 
are com])lete and aiicliylosed, and there are eight bones in the 
carpus. The fibula is complete, and tlie tarsus, which has 
Sf.^N'eu l.)oncs, much resembh^s tliat of the I'ig. 

'rhe lllppopotamhhn are at present confined to Africa; 
but a spe(Ues abounded in th<i rivers of Kurope in the later 
tertiary tiiiKjs. 

J\Ie)'yc(potinnuti of the Vnioceno hauna of tlic Sewalik 
Hills appears to have been a Uipj^opotamid, wnili upj>cr molars 
having a quadri-cr(.‘Scentic, ruminant-like pattern, aiuh lower 
molars ])i-ci*eRccntic and rhinocerotic in cliaiaetcr, 

III tlio Suidm and lUiypopotamidw^ it is interesting to 
reinavk the t(aulency to the c‘oah‘st‘(nice of the inetacarpals 
and meta tarsals in JJlcotylcs * the disappearance of the upper 
incisors by pairs in IHcotyles^ Porcus^ and .Ph(icocJiccrus • and 
ilio great complexity of the stomach in Plcotyles and IBppo- 
potanius ; as they arc so many approximations toward the 
stru<:*ture (.>f the Ruminant Artlodactyla, And the transition 
from the noii-Ruin inant. to tlie Ruminant groups; or rather the 
common stem of both, is furnislied by the A noplothxyi'ida:, 

c. The. family of tlie Anopdotheridm exclusively contains 
(‘xtinct Mammals lielonging to the eocene and miocenc epochs. 
They are most conspicuousl y distinguished by th<j cirtaimstaucje 
tliat the teeth, of wliich there arc eleven on each side, above 
aial bt‘low, in the adult dentition, arc not interrupted by finy 
gap in front of and behind the canine, as they are in tlie pre- 
ceding genera, but form an uninterrupted and even series, as 
in Man. 

The dental formula of the adult Ajrwplothcrluni is 
i - ] ^7^’ supposing that the first jiremolar is really 

such, and not a persistent milk-molar. 

The upp(‘r and lower molars Lave tlic general stiuctiire of 
those of the Rhinoceros ; but tlic landiue of the upper are bent 
more backward into parallelism with the outfa' wall, and a 
strong* conical pillar is developed on the inner side of the 
anterior lamina. The skull resembles that of the Ruminant 
Trayididm in structure, hut the orbit is incomplete behind. 
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The rest of the skeleton partlj^ resembles that of the Pigs, 
and partly that of the Ruininauts.* 

Ill J^ijjhodon and Gainotheriwn^ which are ordinarily com- 
prised among the Anoplotheridm (though, in all probability, 
they are true Ruminants of the Tragiilino group), the orbit ia 



* In Anoplothermm secundauium the digit n. is devtilojied in each foot, 
though not nearly so long as m., which is nearly syinrn<‘trical in itself. There 
is an approach to the same structure in the manus of Camotkerium. 
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complete, and both upper and lower molars put on the Rumi- 
nant characteristics. In dentition, Cahiotherium differs fmm 
a Ruminant only in possessing all the upper incisors, while 
no existing adult Ruminant has more than the outer upper 
incisors. We are of course unacquainted with the structure 
of the stomach in those animals, but they so closely resemble 
Ruminant Artiodaetyla tliat it is highly j^robable they may 
have possessed the faculty of riuninatioii iu a more or less ]>er- 
fect degree. 

B. Tiic linnilnantla, — In the commonly-recognized mem- 
bers of this division of the Artiodactyla there is never more 
than one pair of incisors, and that the outermost, in the upper 
jaw of the adult. Canines may or may not exist iu the upper 
jaw ; they are always present in the lower jaw, and are gen- 
erally inclined forward and closely approximated to the inci- 
sors, whicli they usually resemble in form. It consequently 
happens that tliey ai-e often reckoned as incisors, and Rumi- 
nants are said to possess eight cutting teeth in the lower jaw. 

Witli one exception {itymaosclLas)^ the metacarpal and 
metatarsiil b(.nies of tlie tliird and fourth digits early become 
anchylosed tog(ith(U‘ into a single, so-(‘.aUod cannon-hone* 
There is a peculiar bone called malleolar^ wliioh takes the 
place of the distal end of the hbula, articulating below with 
the calcanonin and above with the astragalus. 

The great majority of tln^ Rnvninantia possess horns, the 
bony supports, or cores, of winch are developed on each side 
of the middle line ; and, except in the Giraffe, are outgrowths 
of the frontal bones. 

The sbnnach lias, at hnvest, th?ei? divisions ; and, in the 
majority of tlie llnm/mantia^ it has four com])artments. 

If the stomach of a ty|)ical Ruminant, such as a Sheep or 
an Ox, be examined, it will be found to be divisible into two 
principal moieties, the one cardiac and tlie other pyloric, while 
each of these is again subdivided into two others. Thus the 
extreme cardiac end of the cardiac moiety is dilated into an 
enormous stic of irregular form, the mucous membrane of 
which is raised up into a vast number of close-set papillm. 
This chamber is the Jlumen^ or J\mnch, It communicates, 
by a wide aperture, with a miaVli smaller chamber, which con- 
stitutes the second subdivision of the cardiac moiety. This is 
caUed the Meticulum^ or Iloneycomb stomacli, from the fact 
that its mucous membrane is raised up into a great number of 
folds, which cross one another at right angles, and, in this 
way, enclose a multitude of hexagonal-sided cells. The reticu- 
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him communicates by a narrow aperture with the first sub- 
division of the jiyloric moiety, which is somewhat more elon- 
gated in form. The mucous membrane of this subdivision is 
produced into a vast number of longitudinal folds of various 
Iieights, but the majority of them are sufiiciently large to ex- 



B, 



Fig. 102. — A stomach of a Sheep, B, that of a Musk-deer {TrantUm), a>st)phafrus; 

ruiixm ; Jlet^ reticulum ; psaltcriuin ; vl., Ab.^ ahouuxbmn ] 2>w., duo- 

dcnuin ; pylorus 

tend almost completely across the cavity of the chamber; 
they thus reduce that cavity to a series of narrow radiating 
clefts interposed between tlio lamella?. Wlieu this portion of 
the stomach is slit open, longitudinally, tlic larmihe fall apart 
like the leaves of a book, whence it has received the fanciful 
name of the l^salterhini Irom anatomists, while butchers giv^e 
it that of Manyplies, l^he fourth segment of the stomach, or 
second subdivision of the pyloric moiety, is termed tho--46o 
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7nasimi, or JRemiet stomach. This portion is comparatively 
slender and elongated, and its miuions incintvrano has a totally 
diilbrent eliaracter fi om that of the other tln ee segments, being 
soft, liighly vascular, and glandular, and raised into only a few 
longitudinal ridges. 

it will 1)0 observed that the psalteriiim is so constructed as 
to ])la3^ the part of a very cllicient strainer between the reticu- 
lum and the abomasum; nothing but very linely-divided, or 
scmri-lluid matter, being capaVde of traversing tlie interstices 
of its himelhe. 

The gastric aj)erture of the a^sopliagus is situated at the 
junction of the paunch and tlie reticulum ; the margins of its 
opening are raised into nuiscailar folds, and are produced, 
parallel with oue another, along the roof of the reticulum to 
tlie o])eniug which leads into the psalterium. When the lips 
of this groove aio approximated togetlier, a canal is formed, 
wliicli conducts diiectly fiom the a*s<>])hagus to the jisallc- 
riiim. 

A lluminant, wlieu feeding, erojis tin? grass rapidly and 
gn^edily, seizing; it with its tongue and Idling oiT the bundle 
of blades Ihus colh'cdcd, by pressing tlie lowia- incisors against 
tlic callous pad formed bj' the gum whicli covers the pre- 
inaxilhw The bunches of grass are tlieii hastily s\n' allowed, 
a<.‘companied by abundant saliva. Alter grazing until its ap^ 
jietile is satislied, the Ituminant li(‘s down, usually inolining 
tlie body to one side, and remains quiescent for a certain space 
of time. A sudden niovement of the Hanks is then observed, 
very similar to that which might be produced by a hiccough ; 
and careful watching of the long neck will show tliat some- 
thing is, at the same time, quickly fort-ed up the gullet into 
the cavity of tlu^ mouth. This is a bolus of grass, which has 
})een soddim in the lliiids contained in the stomach, and is re- 
tiirnc'd, saturated v itli them, to be masticated. In an ordinary 
Ruminant this operation of mastication is always performed in 
the same M ay. Hdie lower jaw makes a first stroke, say in the 
direction from loft to riglit, while the second stroke, and all 
those which follow it until tlie bolus is sulliciently masticated, 
take place from riglit to loft, or in the opposite direction to 
that of the first. While the mastication is going on, fresh 
quantities of saliva arc jioured into tlie mouth, and, when the 
grass is tliorougidy groural up, the semifluid produ(*t is passed 
back into the ]>haryiix and swallowed oiicje more. These 
actions are repeated until llio greater portion of the grass 
which has been cropped is pulijified. 
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The precise nature of the operation, the external features 
of which have now been described, has been the subject of 
much investigation and discussion. The following points aj)pear 
to have been clearly established : 

1. Rumination is altogether prevcjitcd by paralysis of the 
abdominal muscles, and it is a good deal impeded bj^ any in- 
terference with the free action of the diaphragm. 

2 * Neither the paunch, nor the reticulum, ever becomes 
complcioly emptied by the process of regurgitation. The 
paunch is found half full of sodden fodder, even in animals 
which have perished by starvation. 

3. When solid substances are swallowed, they pass indif- 
ferently into the rumen, or reticulum, and are constantly driven 
backward and forward, from the one into the other, by peris- 
taltic actions of the walls of the stomach. 

4. Fluids may })ass cither into tlic paunch and the re- 
ticiilinn ; or into tlui })sa](eriiim, and tlunn'o at once into the 
fourth stomach, according' to circiimstamies. 

5. Rmniiuition is p<a‘fc:ctly wed I (greeted after tlio lips of 
the oesophageal groove have b<M‘ii (dosoly united by wire 
sutures. 

It would appear, thev^^foro, that the cropped grass passes 
into the rcticiilimi and rumen, and is macerated in them. But 
ilioro is no reason to Ixdieve tint the retic-uhim talics any 
special share in modelling the boluses which Inive to bo re- 
turned into the rnoutfi. More probably, a sudden and simul- 
taneous (contraction of the diaphragm and of the abdominal 
muscles compresses tlic contents of the rumen and reticulum, 
and drives the sodden fodder against the eardijio aperture of 
the stomach. . Tin's opens, and tlien the cardiac end of the 
oesophagus, br'comi ng passively dilated, receives as iimch of the 
fodder as it will contain. Tlie (cardiac aperture now becoming 
cloS(M, tlic bolus, thus shut off’, is propelled, by the reversed 
peristaltic action of the muscular walls of the (esophagus, into 
the mouth, wliere it undergoes the thorough mastication whicli 
has been (icscribtcd. 

The sodden fodder is prevented from passing out of the 
psaltcrial aptcrtiiro of tlie reticulum, in part by tli(3 narrowness 
of that aperture, and in part by the fine grating formed by the 
edges of the psaltcvrial laminje. But when the semifluid 
matter, returued after mastication, once more n^aclies the 
*cardia, it is cornpelUid to |>ass toward the i^salterial end of the 
reticulum (even apart from the guidance afforded by the lips 
of the oesophageal groove) on account of the direction of the 
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oosophagus and the bounding of the cardiac aperture, on the 
side of the rumen, by a raised ridge. The chewed matter thus 
flowing over the surface of the more solid contents of the re- 
ticulum readies the psalteriiim ; and, in consequence of the line 
state of division of its solids, readily traverses the interspaces 
of the lamellm of that organ, and passes into the fourth 
stomach, there to be submitted to the action of the gastric 
juice and to undergo the digestion of the protein, compounds, 
which have remained unaifecied by the previous mastication 
and insalivation. 

The .Rimiinantla are divided into three groups : a, the 
Tragulklw^ h. the Cotylophora^ and c. the (Jamelidce, 

a. The IVagididm are a remarkable family, formerly united 
with the genus il/<>.s*c7rw.v, and still commonly known under the 
name of Musk Deer, though they are devoid of the musk-sac 
and, in other respects, are totally dilFercnt from Mosidms, 
TJiey arc at present restricted to Southern Asia and Africa ; 
and they are particularly interesting, as allording, in many 
respects, a connecting link between the tjqiical Ruminants and 
the other Artiodactyla^ esjiecially the Anoplotherida?. Thus, 
the second and lifth digits are complete in both fore- and hind- 
feet, and llic metacarpals and metatarsals of the third and 
fourth digits unite very late, or, as in one genus, UycemoschuH^ 
not at all. The canines are well dcvelopi^d in botli jaws, and 
the prcmolar teeth are wsiiarp and cutting. 

The oesophagus opens at the junction of the rumen with 
the reticulum, the communication between tlic tw o being very 
wide (Fig. 102 B). The epithelium of the rumen is papillate, 
and there are twx) oesophageal folds, as in ordinary Ruminants, 
but the psalterium is represented only by a very short and 
narrow tube, the lining membrane of which is devoid of folds. 

The surface of the heuiisplieies of thci brain has fewer 
convolutions than in an^^ other Ruminants, though this rnay 
very possibly be conuei^ted with the smalt size of the animal; 
as it is a general nilt^ that, within the sajne group, the brain is 
less convoluted in small than in large animals. 

Tlic blood-corjmscles, small in all liitm lnantla^ are remark- 
ably minute in tlie Trayulidce^ not exceeding xiriuTr 
in diameter. They liavc circular contours. 

The placenta is very nearly diffuse^ tlie fcetal villi being 
scattered over the cliorioii in bands, not collected into cotyle- 
dons. 

As further remarkable peculiarities of this group may be 
mentioned the anchylosis of the malleolar bone with the tibia. 
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and the tendency to ossification in the pelvic lig^amenls and 
of the aponeurosis of the muscles of the back, in adult males. 
Finally, tlic navicular, cuboid, and ectocuneilbnn bones in the 
tarsus are all anchylosed together. If, as is probable, ^q^iho- 
don is one of the Tragididw^ the group has existed since the 
eocene epoch. 

Tlie Gotylophora are, lilce the pieced! ng group, unguli- 
grade, but the outer metacarpals and metatarsals are iiiconi- 
pJote at their proximal ends, and the middle ones arc early 
anchjdosed into a cannon-bone. The malleolar bone is always 
distinct. The navicular and the cuboid b()iies of the tarsus are’ 
anchylosed together, but rarely with any other tarsal bone. 
The premaxilhi is devoid of teeth in thcj adult. The stomach 
has the structure wliich has been described as typical. 

The blood-coi*puscles are circular, and may have a diameter 
of as little as imh. 

Tiie fcetal villi ar(j gathor<Ml together into bundles or co- 
tyledons, which may pres<mt either a convex or a ('oncavc fiice 
toward the uterus, lliey are received into pc'rsistent eleva- 
tions of the mucous membrane of the uterus, the surfac(\s of 
which present a reverses curv^ature. 

iVll the Gotylophora except jl/o.s‘c//. the true Musk Detn*, 
arc provided with horns, but these horns are of two kinds. 
Tlie bony core, in the one (‘use, is cnslieathed in a strong horny 
epidermic case; while, in the other, the epuhnanis of the integ- 
ument which covers the core does not b(?conio so moditied. 
In the former kind of horn, thci core becomes exca vated by the 
extension into it of the frontal sinuses, whence the Iluminants 
which jiossess such liorns are not unfrequeutly called Ga'ei- 
corn la (Antelopes, Sheep, Goats, Oxen). As a general rule, 
the. horny sheath persists throughout lift', growing with the 
growth of the cor(\ But in the remaihaVih' Ih’ong-liorned 
Antelope of North America { Antllocapra)^ the horny dmath 
is annually shed and rejdaced by a newly-h>rr led one. 

Of the second kind of horn, or that which a(*quir(^s no liorny 
sheath, there are also two kinds. In the Girafl'e, tli<i horn- 
cores are attached over the coronal suture, at th(j junction of 
the frontid and parietal bones, with which they are not anchy- 
losed ; they persist throughout life, and are always covered 
by a soft and hairy integument. 

In the Jleor, on the other hand, the frontal bones grow" out 
into solid processes, which are, at first, covered by soft and 
hairy integument ; generally they arc developed in the male 
sex only,' but both sexes have them in the Reindeer. The 
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horns attain tlioir full size very rapidly, and then a circular 
ridge, wdiich makes its appearance at a short distance from the 
root of the liorn and is called the ‘‘ divides the horn into 

the ^^pedlceV'* on the skiilLside of the burr, and the 
on the opposihi side. The circulation in the vessels of the beam 
now gradually languishes, its iiitegunient dies aiid^pcels off, and 
the dead bony substance beneatli is exposed. Absorption and 
sloughing next occur at the extremity of the pedicel^ just as 
migiit hap[)en in any other case of necrosis. The beam and 
arc shed, and the (Mid of the podh^el scabbing over, fresh 
gradually grows up under tlic scab, and ev^eiitnally 
restores to the extremity of the pedicel its pristine smooth and 
hairy covering. 

The rapidity witli vvliicdi the devidopment of bony matter 
into Deer-horii takes yihuxi is wonderful, hoi ns weighing sev- 
enty-two Ills, liaviiig been produced in tem weeks. 

The Cotylophora are rtM>r(*s{int(M'l in all parts of tlie world 
exce])t tlicj Australian and Novo-Zcdaiiiau provinces. They 
have not yid been traced back hirtlier than the miocene epoch. 

e. The Citmididm or {7\/lopoda?) a^e devoid of horns; and, 
unlike the other llumiuants, they walk upon the y>ahnar and 
]>lantar surfaces of tlic yiliahinges of the third and fourth toes, 
vvliicli arc? albmj d^nelojied. 13road integumentary cushions 
form a solo to the foot; while the nails are llattened and (‘.an 
liardly be called lioofs. 

The arclu's of tlie cervi(%al vcirtebrie, and not their trans- 
verse processes, are pca forated by the canal of the vertebral 
artery ; a (jharacter wdiich tbe camels share with the MacraU’^ 
chenidm. 

The metacar|)als arc separated by a deep cleft, and the 
distal phalang(\s of the digits are iKMiily symmetrical in them- 
selves. Th(^ distal fac(‘ts of tln^ astragalus are more unequal 
than in the other llatiilnantla^ and the navicular and cuboid 
bones arc-' not arichylosed tog(‘ther. 

The premaxi I he have a single strong out(‘r incisor on each 
side. Large curved and pointed canines are developed in each 
jaw, and are quite distinct from the series of the incisors in 
tlie rnandilile. There are not more than live grinding teeth in 
a continuous S(?ries above and below. 

The stomach is unlike that of the typical Kimiiiiants. The 
ocso]>liagus opens directly into thepauncli, which is lined by a 
smooth, not papillose, epithelial coat. From its walls, at 
least two sets of diverticula, with comparatively narrow 
mouths, are developed. These, the so-called water-edUP 
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serve to strain olT from the contents of the paunch, and to 
retain in store, a considerable quantity of water. The reticu- 
lum is sharply defined from the rumen, and communicates with 
it by a comparatively small aperture. Tlic a^sopliageal groove 
is bounded by only one ridg'c, Avhich lies upon its left side. 
The psalteriiijii is reduc.ed to a mere tubular passage, without 
lamina); and the abomasum is large, and has the ordinary 
structure. The pyloric end of the duodenum is considerably 
dilaf ed, and has been taken for a division of tlio stomach. The 
eiccuin is short aiid simple. 15y a remarkable exceptiqi]iy. 
among the Mammalia^ the red blood-corpuscles are elliptitji^ 
The hxtal villi are scattered evenly over the chorion, so that 
the ]daceiita is dijf usc. 

While the Ti'aifulkim connect the iypicjal Jtimiinaiits with' 
the non-ruminant A rtioda etudes, the VanielidiE^ on the otlior 
liand, link them with Aracrauidu^^^^^ and the l^yrissodactyles, 

dtie Camelidifi arc at present r('present<M,l by two very 
distiiKjt groups, — the Camels of the Old V\T)rId and the Llamas 
of the jNcw. They otrau* in the fossil state as far back as the 
rniocene epoch. 

IT. The ToxopON riA. — This order has been founded for tlio 
reception of the large extinct Mammal (7ba7.>cfn//), remains 
of which have bcvni discovered in the later Irniiai y dejiosils 
of South America. 

The supraoceipital surface of tlic massive skull slopes 
obliquely upward and forward. TTiere are su})raorbital pro- 
loTigations. The zygomata are very strong and arched, and 
tlje bony palate is very long. 

In the upper jaw there are two small, iimer, and two large, 
outci’, incisors. In the lower jaw there arc six incisors. Idl 
the mandible there are canines in the middle of the interval 
between the incisors and the grinders. In the ii[>per jaw of 
the adult, only indications of the former c'xistence of alveoli 
for canines remain. The grindingteeth are seven on each side 
above, and six on each side below. They are greatly bowed 
(whence the name of the genus), so as to be convex outward 
and concave inward. Tlicy grow from persistent pulps, and 
the enamel is absent iqxm their inner faces. 

The centra of the cervicjal vertebra) liave flattened articular 
faces. The d< irso-lumbar vertebrae and tlie sacrum are not 
known. The ribs are spongy internal -y, like those of ordinaiy 
Mammals, not compact, as in tlic tSirenia, 

The scapula has a very hirge supraspinous fossa, as in 
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Tapirus, There is no acromion, and the coronoid is very 
small. The humerus and the ulna are very masvsive, but the 
rest of the fore-limb is unknown. The femur is devoid of any 
third trochanter, and, like the tibia and astragalus, presents a 
good many i^oints of i-esemblance to the corresponding bone 
in the Elephants. ^ 

It is a curious comment upon the pretension to reconstruct 
animals from mere fragments of their bones and teeth which 
some have ]>ut forward, that, although we know tlie skull, the 
dentition, and the most important of the limb-bones of Toxo- 
don^ no one ventures to predict the characters of its feet, still 
less to say any thing about its internal organization. Even its 
zoological afiinilies are extremely doubtful, and it is hard to 
say whether Toxodon is merely an aberrant Ungulate, or 
whether it is the type of a new order. 

III. The SmEXJA. — As has be<ni already said, nothing is 
known of the jdacontatiori of this small but important group 
of Mammalia^ all the existing forms of which are aquatic in 
their habits, frequenting great rivers and their estuaries ; and 
are devoid of hind-limbs, while the integument of the caudal 
end of the bodj^ is produced into a flattened horizontal fin. 
No dorsal fm is e\'er present. The demarcation between the 
head. and neck is but obscurely marked, and the fore-limbs are 
converted into paddles, upon which only rudimentary nails are 
developed. Scanty bristles cover the surface of the body. 
The snout is fleshy and tumid, and tlu? valvular nostrils, which 
are perfectly distiiKit from one anoth(*r, are situated consider- 
ably above its termination. There is a w(dl-developed third 
tyclid, the pinna, of the ear is absent, and the maimnm are 
thoracic ; a circumstance wliich has probably not a liitle con- 
tributed to tlui origination of the mytlis respecting the exist- 
ence of mermaids. 

The Slren/ia were formerly united with the Whales and 
Porpoises as Cetacea herbivora. But their organization dif- 
fers from that of the true Cetaceans in almost every particular, 
wliile tljey are closely allied with the UngidatCK 

The cervical vertebra? are reduced to six in one genus — 
Manatiis, The bodies of these vertebra? are always com- 
pressed from before backward, but they arc never all an- 
chylosed together (it is rare for any of them to be thus 
united), and the second has a distinct odontoid process. The 
dorsal vertebra? have broad and depressed spines, and may be 
as many as seventeen or eighteen in number, while there arc 
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not more than three lumbar vertebrte ; and the hindermost of 
these even is probably to be regarded as sacral. There are 
twenty or more caudal vertebrae, the terminal ones being not 
polygonal, but depressed, with well-developed pro(iesses. 

The zygapophyses of successive vertebra? articulate to- 
gether in tlie dorsal region; but, in tlie linn bar and caudal re- 
gions, the postzygapophyses disappear and the prezygapo- 
pliyses are small, and neither ovn^rlap, nor embrace, the spine 
of the antecedent vertebra. TJie posterior moiety of the spine 
thus acquires considerable Ilexibility. There is no true sacrum, 
the vertebra called “sacral” being only del errnined as such 
by its connection with the rudimentary pelvn's. Strong sub- 
vertebral chevron-bones arc placed beneath the, interailicular 
cartilages of the caudal vertebra. The heads of the ribs 
articulate with the centra of all tlu? vertebra?. The bodies of 
tlic ribs arc very thick, rounded, and ha ve a remarkably dense 
and laminated structure. The narrow and elongated sternum 
is an undivided mass of bom', and is eobnecled by ossified 
sternal ribs with ilio anterior three pairs of vertebral ribs. 

In tlio skull the ekmgated and subeylindrical form of the 
crauial cavity is worthy of notice, us it strongly contrasts with 
tlie form of the brain-case in tlie Cetacea. Tlie su|)raoccipital 
is very large and slopes upward and forward a long way on to 
tlio upper surface of the skull ; but it docs not s(?|)arato the 
parietal bones ; which, as usual, unite in ilic sagittal suture. 
The frontals are prolonged into broad supraorbital processes. 
The nasal bones are abortive, and, in the dry skull, the external 
xiares arc very wide, and look upward, l^lu? tym[)anic bone is 
a thick lioop, auchylosed with tin? periotic bones, and readily 
comes away from the skull with them. Tiic zygoma is 
enormously stout. Tlie prcmaxilhe coustituilc a large portion 
of the boundary of the gape; and the lower jaw has a liigli 
ascending portion, with a large coronoid process. 

The scapula has a distinct spine occupying tlie ordinary 
position. There are no clavicles. The humerus has its distal 
end fashioned into articular surfaces, upon which the radius 
and ulna are freely movable. The pollex is rudimentary, and 
the other digits have no more than three plialangi?s eacln 

The pelvis is rudimentary, the bones which r<?pres<?nt the 
ossa innominata being connected liy their ]>roximaI ends witli 
the transverse processes of the last of tlie prccaialal x'crbibra?. 
They arc disposed vertically to the axis of tlie body. No 
trace of the bind-limbs has been observed in any of tlie exist- 
ing JSirenia. 
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The premaxillary region of the palate, and the coiTespond- 
ing surhice of the mandible, are coated with niaixiTnillatcd arid 
rugose lioruy plates formed of hardened epithelium ; and, in 
the extinct genus Hhytlna^ these x>lates were the only masti- 
cating organs, as there wn’e no teeth. In Ifalicore (the 
Dugong), tlierc are teetli which have no vertical successoi*s, 
form no roots, and are devoid of enamel ; while, in ManatuSj 
there are niilk-iiiolars, and the grinding teeth are enatnelledj 
and prestmt crowns with douhle transverse ridges. 

The adult Ahuiatee has no incisors. In the Dngong there 
are no incisors in the mandible of the adult. The male has 
two tusl\-lik(i incisors which project from their sockets in the 
premaxilla^ ; w hile, in the fcinalo, ilic tusks remain concealed 
in tluur alveoli. 

In the fcetal state, both IlaJirore and 3Ianatus have in- 
cisors ill the mandible as well as in the prciiiaxilla?. 

Tlio stomach is divided into tw o ])ortions by a median con- 
striction, and its cardiac end is provided w ith a peculiar gland. 
Its plyoric end, in some species, gives oil' tw^o cieca. 



Fig. 10J3. — Dorsal vicAv of tlio heart. ofaDu^onp {IIiiUc.or€\ its cavities being' laid open. — /?. 
right A-entrlcIo ; L. loft voiilrlcie, V. c. 8. 8.^ left superior vena cava. T . c. a d.^ 
riglit superior vena c:n'a. V. c. vena c.ava infedor, o, t?.. the Inner end of a CAHJal 
diverticulum of the riglit auricle, into which a style Is Introduced, and which represents 
the foramen ovale. O , the uudcular septum. 


Tliere is a ciccuin at tlie juncition of tlie largo and small in- 
testine. Salivary glands are Avell developed. The apical por- 
tioTi of the septum veMtrimlorum is deeply cleft, so that the 
ventricles arc separated from one another through about half 
their extent. 

Tiiere are two superior cavac and a Eustachian valve. Ex- 
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tensive arterial and venous reMa mirahllia arc developed in 
Manatils. In consequence of the great length of the iliojfieic 
region and tlie brevity of the sternunj, ih<^ diapliingin takes a 
very unusual course, extending* veay oblifpiely from before 
backward, and causing the upper pnrt of the thoracic cavity to 
extend, posteriorly over almost the whole of iiie abdomen. 
The greatly-elongated lungs fill this part of. the f horaeic cljam- 
ber, while the broad heart lies in its anterior and sf oi nal portion. 

The arytenoid cartilages are not |:)rolonge(l as in the Ceta- 
cea, A broad and Ingli epiglottis is eapal>]e of (a^ ering the 
glottis completely. 

There is no third bronchus. 

Tine cutaneous innscle is largely inserted into the hiimcn us, 
and the sub-caudal nuisclo's extend forward as far as the pos- 
terior hniibar vertebne. The chief imiscles of the antibrachium 
and manus are present. 

The male Slrenia poxssess vesicular seminales. The iiferus 
is two-horned. 

Til ore are two living genera of Sirerda — the Du gong 
{Tfalic(>re)j which is found upon the shores of ilie Jndiau 
Ocean and of Australia ; and the iVFamif ee {3Ia)iatas)^ vvliich 
is coniined to tlie Soutli AMierican and Afrit'an bordcj’S of tin? 
Atlantic, 

A third genus, liliythia^ which had a coi iacoous int<'gu- 
meut almost devoid of hair, and possess(‘d no te(rflj, aboumhal 
in Bchring^’s Straits h^ss tfian a century ago. It is now alto- 
gether extinct. 

Tlic Mio(?ene genus, IfaJithermni,, appears to have pos- 
sessed distinct, though small, hiud-limbs. 

IV, The Cetacka. — I n this order of Mammalia, tin' form 
of ilie body is still more fish-like than in tlie iSireynia, TIktc 
is no trace of a neck, the contour of the head passing gradu- 
ally into that of the body. A liorizoivtidly-nattened caudal 
fin is always present ; and, very generally, the dorsal integu- 
ment is produced into a median, laterally-compressed dorsal 
fin. The body is incased in a thick smooth iutegnmcTit, be- 
neath which a very tliick layer of fat is deposited. Hairs arc 
almost entirely absent in the adult state. 

As in the recent Sirenia^ the anterior limbs alone are 
present. Externally they do not present any indication of 
division into brachium, antibrachium, and manus, liui liave the 
form of a broad, flattened paddle, without any vestiges of nails. 

The one or two apertures, by which the cavity of the nose 
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opens externally, are always situated at the top of the hearJ, 
and fai' roinoved from the extremity of the snout. There is 
no third eyelid, and the v'cry small auditory apertux'es are to- 
tally devoid of any pinna. The teats arc two, and, in the 
feinah?, are lodged in depressiojis on each side of the vulva. 

Tiie articular surfaces of the centra of (he vertebrie are 
flat, and the epiphyses usually remain distinct for a long* time. 

Tini spinal colunin, as a wholej is remarkable for the short- 
ness of its ctu'vical, and tiie length of its lumbar region, there 
being sometimes a greater number of lumbar than of dorsal 
vertebra?. There is no sacrum. Tlie caudal vertebra? are only 
distinguishable from the posterior luinbo-sacral vertebne by 
tlieir chevron-boues. The second vertebra of the neck is de- 
void of any odontoid process; and it very commonly happens 
that more or feuver of the cervical vertel^rm, the bodies of 
whicli are often so sliort as to be more disks, are anchylosed 
together, either l^y their arches, or by their ccaitra, or by botli. 
Tlie centra of all the succeeding vertxibrm arc? Jarge in propor- 
tion to their arches, and the intcr-yertcbral fibro-oartilages are 
exceedingly thick, so as to confer gicat tloxibility and elasti- 
city on tlie spine. Tlio arches of the hinder dorsal vertebrtn, 
and of those of the lumbar and caudal regions, are not articu- 
lated together by zygapophyscs. The centra of the postenaor 
caudal vert(3brin lose tlieir processes and become polygonal. 

Very few of the ribs become coiinccjted with the sternum 
at their distal ends; and, in eoniradisti notion to what happens 
in most Mammalia^ the proximal ends of the majority of the 
ribs arc connected only with tlie transverse processes of the 
vertebne, and not with their bodies. 

The skull is even more remarkably modified than the vor- ■ 
t(?bral column. The brain-case itself has a splieroidal form ; 
while the jaws are greatly prolongf?d, the principal enlarge- 
ment of the upper jaw taking place in the region which lies in 
front of the uasal aperture. The baHh ar/itlij us a whole, is 
ramarkahly broad, and its upper surface exjneave fniin before 
backward, tlie sella turclm being very slightly indicated. 
The parietal bones are comparatively small, and do not meet 
in a sagittal suture, as tiny do in other Mammalia y the 
supraoccipital, witli an interparietal bone, bcdrig interposed be- 
tween them, and extend iiig forward so as to unite with the 
frontals. Each frontal bone is produced outward into a great 
bony plate which covers the orbit. The squamosal bone sends 
a very large and stout zygomatic jirocess forward to meet this 
supra-orbital prolongation of the frontal. The pi*oper jugal 
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bone, on the other hand, which boimdvS the orbit below, is ex- 
ceedingly slender. The very large maxilla extends backsvarcl 
and outward in con tact with the fronial, or even overlapping 
the greater part of its surface; and it stretches forward to 
very near the anterior end of the snout, so that almost the 
whole of the gape is bounded by the maxilla. 

The premaxillse, on the other hand, though very long^ inas- 
much as they occupy the whole lengt h of tlie jaw in the mid- 
dle line, from the antca ior liasal ap<.‘rliiro to tljo (uid of the 
snout, are almost entirely excluded from the gape. 

The nasal bones are always short; and, sometimes, ar<^ 
mere bony tuberosities united with tlic frontal bones behind 
tlui anterior nasal aperture. The turbinal bones are almost 
always riuliinentar}^, and the nasal passages are nearly verti- 
cal, in consequence, for the most part, of the rudimentary con- 
dition and shortness of the nasal bones. 

The periotic bones are loosely connected with tlje squa- 
mosal and tympanic, and are usually united wdth the oilier 
bones of the skull oidy by cartilage, so that tlioy fall out very 
readily in the dry skull. TIk.^ tympanic bones are commonly 
of very considerable size, thh^k and scroll-shaped. 

The lower jaw has hardly any coronoid jn’ocess, and its 
ramus has no perpendicular portion, the condyle being situated 
upon its posterior extremity. The body of t he liyoid is a very 
broad plate of bone, and has two pair of stout, wcll-ossitied 
cornua. 

The Cetacea are devoid of clavicles. If the spine of the 
scapula is present, it is a low ridge situated close to the ante- 
rior edge of tlie bone ; but it commonly terminates in a long 
acromion process, and, somctimcis, tlu^re is a conspicuous, 
straight, and llattciied coracoid. The humerus is short, and 
tlie articular surfaces at its distal end are, in all recent Cetacea^ 
flat facets inclined to one another at an angle. The ulna and 
the radius are short, laterally-compressed boncs, without any 
movement uiion one another ; and, in all recent Cetacea^ they 
are not freely movable upon the humerus. The carpus is often 
imperfectly ossified. When the carpal bones arc complete, 
they arc polygonal and imbedded in a fibrous tissue ; not 
united by articulations provided wdth synovial membranes. 
The digits do not exceed five in numbf?r, but therci are always 
more than three phalanges in some of them. 

The pelvis is represented by two bones which lie parallel 
with the axis of the vertebral column, give attachment to the 
corpora cavernosa in the male, and, therefore, probably vepre- 
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sent the iscliia. They are elongated, convex upward and con- 
cave downward, and arei connected witb the vcrtt>bral column 
only by fibrous tissue. Th some few Cetarea {lUxlmioUlea) 
ossicles, wliicli li(5 on the outer si<lo of tlio ]>elvic hone, appear 
to represent the femur, but no further indication of a hind- 
limb lias Ixien discovered. 

In roost of the Cetacea^ the iniiseles which, in other Mam- 
Qualla^ move the antibrachiuin and the inanus, are absent, 
tliosc which rno\’e tlie humerus upon the sliouhler-blade being, 
aloi ic, repi-eson ted. 

la no recent Cetacean have the teetli any vertical suc- 
cessors, nor more than a single rod. The alveoli are often 
incompletely se])arated from one another. The number of the 
teeth vari(?s very greatly, but they are almost always nearly 
uniform in character. Tlicre appear to be no salivaiy glands. 
The sioniac?]! is complicated, being divhied irito, at fewest, 
three chambers, of which tlic first is a kind of pann(;li lined by 
a thick epithelium, while the second and the third are mojo 
elongated, the last stomach being that in wliich digestion 
takes place. 

The arteries and veins form great plexuses, or ret la ml- 
rahilla^ and these are especially conspicuous .in the cavity of 
the thorax, upon each side of the vertebral column, and in the 
i n tc rcos tal .spaces . 

The soft palate is remarkably long and muscular. The 
epiglottis and tlui arytenoid cartilages arc more or less pro- 
duced, so as to give the glottis tlic shape of a funnel, the apex 
of which is ciubrac(;d by the soft palate, in sucli a manner as 
to form a continuous air-passage from the posterior nares to 
the larynx, on each side of ■which tlie food passi's. The very 
shoi't irachi'a, before it divides into tlic bronchi, gives oJBT the 
so-r-.alled “ third bronchus ” to the riglit lung, as in the Bears, 
’Walruses, and Rimiinants. 

The kidneys are deojily subdivideTl into lobules. In the 
male tiic testes always remain in tlie abdomen, and there are 
no vesiculao scminales. The penis is devoid of a bone. The 
uterus of the female is deeply divided into two lionis, and the 
villi of the foetus are scattered over ilwS chorhjii, as in other 
mammals witli a diffuse placenta tioii. 

The Cetacea are divisible into three groups: the 
noldca^ the Delphinoldea^ and the Phocodontia,^ 

* For furthor infomaition respecting tlio cb.'iractcrs of the recent Cetacea^ I 
refer the reader to Prof. Flowers’s very valuubie memoir “ On the Osteology 
of Jnia and Font<ypoHap published in the “ Transactions of the Zoological 
Society for 1867.” 
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a. In the Halmyioidea tlie nasal c]iaml)ers communicate 
witli tlic exterior by two ap<u‘tiii es, wliich arc capable of being 
shut at the will of tlio animal, ami are called spiracles. Tlu^se 
are not connected witli any saccular dilatations of the nasal 
passages, situated between the skull and tlu^ integuinent. 

In the spinal column, no rib lias a complete neck and capi- 
tulum, the heads tif even the most anten ior ribs united 



t04.— -Lateral and superior views of the skull of a ^VhaIe (Dnlipna AufttralU),-^ 
Theju^al Ixmea are ahsont, and the does not sudiciently indicate the outward 

curvature of tho ramus of the mun<iible (.l/n.). 

15 
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with the bodies of the vertebne only by lig*atiicnt. The chief 
connection of all the ribs, therefore, and the only (x>nnection 
of most of llicin, is with the transverse processes of the verte- 
bras. The short and broad steriiuin unites only with the first 
rib, and the union is direct, so that there are no sternocostal 
ribs. 



Fki. 105. — Kar-bonos of tbe — Soon from ^^i thin In the nj>por 

tifnirt'; from ^viihont in tlio lower. Kk.^ Kiif^tuehian euual; Au.^ e.vternal auditoiy 
liioatiia ; ossUit-d root of the styloid process. 

The skull (Fig, 104) is c.vcecdingly large in proportion to 
the body, and nearly syrnTnetricial. The nasal bones, JSTa,^ 
though sliort, are longer, and more like tliose of ordinary 
mammals, than is the case in t>ther Cetacea, The maxilla, 
Mx,^ extends outward in front of the great supraorbital process 
of the frontal, Imt it does not cover the frontal bone. 
There is a distinct laehrj’inal. Eaelj ramus of the mandible, 
Mn,^ is convex outward and concave inward ; and the space 
between the rami of the mandible is very much greater than 
the width of the maxillo-prcinaxillary part of the skull, which 
tapers to its anterior end, and is more or less convex upward 
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and concave inf«?rioi‘ly. The two rami of tlie mandible are 
connecled only by ]ii*‘ani{ait at the symphysis. 

Minute teeth aie developed in IVetal liahxnidm^ but are 
very soon lost, and their place taken by the so-called Whale- 
hone^ or Maleen jdates. Ea(;h c)f tliesc is triangailar, with a 
thick, smooth outer edge, somewhat concave froiu above down- 
ward, wliicli, in tlje natural position of the plates, is nearly 
vertical, and is covered by tlie great lovs er lij), Thc^ npjjer 
edge of tlic plate, also slightly coii(*ave, is attaclied to a t rairs- 
verse elevation of tlic gum covering tlie palate. Avascular 
papillie extend from this ridge iiilo cavities of ci)i‘respouding 
dimensions, which lie, paralhd with one another, in the baleen 
plate. The third side of the triangular bahaai plate, somewhat 
convex and sloping from the middle line above, downward and 
outward, gives origin to a numlier of hlamentons proc(\sses, 
into Avhich the baleen appears to Ix^, as it were, JVayed out. 
When tlie mouth is shut, tlx^se fray(Hl {algos of the nnmorous 
and close-sot lialeen |)l;iies, whkih arc ]ong(‘st in the middle 
of each series, and shortest, at eac'Ii (md, (‘nclose a, cavdtv, the 
bottom of w]u<‘h is occupied by ili(^ laigc and tongue. 

By raising the tongue^, wlialever s()li<l ma Iters are enclosed in 
the mouth cam be foicjed liach into Die pliarynx and swallowed ; 
wliile the water in whiclt Diey were snsiiendcjd is drivaai out 
betw'oeu the bahriu plat(‘s. 'i’lu* AVhale baxls by putting tin’s 
gigantic strainer into ojieration, as it swims througli the shoals 
of minute inoUuscs, cru.stac<'aiis, and fishes, which are con- 
stantly found at the .surfacic of the sea. Opiaiingils capacious 
mouth, and allowing the sea-water, with it-s inultitmlincms 
• tenants, to fill the oral ciavity, the Whale shuts tlu? lower jaw 
upon the baleen plates, and, straining (jut the wat(w through 
them, swallows tlu; priw stramhul upon its vast tongn(\ 

In some of the Ihdaatoidea^ ^ rostmta^ the 

cricoid cartilage and the rings of the traehca arc incomjilete 
in front, and a large air-sac is dcNcloped in Die cricothyroid 
s}iace. The Jialmioidm [lossoss olfactory nerves and a dis- 
tinct, though small, olfactory apjiaratns. The erotic (xiat 
of the eyeball is enormously thick, and the optic nerve is sur- 
rounded by a rete-mirahile. The tympanic rnembraiK? is can- 
nected wiDi the malleus by ligament. Iho semicirciilur canals 
are very small, but the cochlea is large, iiiui makes only 
turns. The muscles of the autibrachium and man us are not 
altogether absent. 

The right Whale {JJalama)^ and the Fin-fishes 
pfera^ Balmnoptem^ etc.), belong to this division. 
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h. In tlio D^lphlnoldea tlie nasal (jhanibers open by oiiljp 
a single spiracle on tlie to|> of iho head; and saccular dilata- 
tions of varioits dimensions arc dcvclof)ed from tlie walls of the 
passage which coiinoids this aperture with the bony naso- 
palatine |)assages, and lie between the integument and the 
outer surface of the skull. 

More or of the antcirior ribs have lieads and necks^ 

the capifcula ^ari iculating with the bodies of the vertebrm, as 
in oth(?r JMamraalla. The elongated storniun is, almost al- 
ways, composed of several pieces arranged in a longitudinal 
vserit^s ; and cartilaginous, or ossified, .sternal ribs are present 
in greater or sniallcr number. The nasal bones, which are 
very sliort, ami liave tiicir upper surfaces tuborclc-like, are 
more or loss as 3 ^mmetrically devmlopcil, as arc also the max- 
ilhe ; so that tlio facial part of the skull appears distorted, 
'file m.'ixilhe are expanded behind, and cover the orbital pro- 
cess of the frontal bone wdiolly or partially. The lac'hryimd 
bone is usually small and confluent with tlie slend(a* jugal, but 
it may Iv"; large and <Iistinct. The rami of the mandible arc 
not arcuated outward, and tli(?y become united in a longer or 
shorter symph^^sis. . Tlie mandible, as a whole, is not sensibly 
broadt^r tliaii the corresponding portion of the maxillo-jmemax- 
illary part of the skull. 

Teeth always exist after birth, and are niner replaced by 
baleen plates. They are usually numerous, but sometimes few 
and deciduous. Occasionally, only one or two teeth persist, 
and these, as in the Narwhal, may take tlie form of immense- 
1 \"-olo nga te d t u sks. 

To this division belong the J^hpseterldai PlatardiitldiB and 
Pdf>hrmd.a\ 

The IVijf safer id(f? possess functional tcetli only in the low- 
er jaw. The asymmetry of the skull is slrongly pronounced ; 
and, ill the adult, the rnaxilhiiy and frontal bones are pro- 
dncoil, so as to form a sort of basin upon tlic upper and ante- 
rior surface of the skull. The pterygoiils meet in the middle 
lino below, and the mandibular symphysis is sometimes ex- 
tremely long. 

The ^^reater nund)er of the cervical vertebne are ancliy- 
losed. The hinder ribs lose their tubercular, but retain their 
capitular articulation with the vertebrae. The costal carti- 
lages are not ossified. The pectoral limbs are small, and a 
dorsal fin is usually present. 

The proper Sperm Whales {PhyseterhicG) have an enor- 
mous head, with a quadrate truncated snout, at the anterior 
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superior angle of which the spiracle is placed. The teeth 
become fully deveh^ped only in the lower jaw. The c ranial 
basin is immense, and is filled by a. loose coiinee-tiva tissue, in 
which the peculiar fat krioAvn as •y)ennac6t6 is contained. Am- 
bergris is a sort of bezoar, found in the alimentary canal of tlie 
Cachalot, and seemingly derived from tlie fatty matter con- 



fra. ]00. — lT[)t)er (A), un<loj- <1>), and lateral (O) views of (he gkull of a fetal Cachalot 
' (Vhyfteter ). — Tlie nasal hones are not represented in (he upper view, and tlie hinder ood 
of tlio jugal is. displaced from its natural connectiou with the squamosal In (C), 
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tained in the Cephahpoda on Avlneli the Cetacean feeds. In 
the other g*roKp of the Phyaeterida? — the Zlpdvilnm oi* llhyn- 
ehocefd — to wliic'h the liotthmosed Whale (Ilyperoodon) be- 
longs, there are only one or two pairs of fully-formed teeth in 
tlie mandible. Some recent and nuiny fossil (middle and later 
tertiary) genera of the Cetaceans an) rcmuirkable for the elon- 
gated rostrum formed by the soliil ossilication and anchylosis 
of the etlimoid, premaxillie, and maxilhe. 

The lH(danistidm arc thiviatilc or estuarine Cetacea^ 
whieli occair in tlie Ganges and in the rivx'rs of South America. 
'Phe cor\ical vertel)r:c are not anchylos(‘d, and the costal cai’- 
tilages are not ossitied. The tubercula and capitula of the 
ribs blend togetiicr |>osterior]y. The syniphysis of the man- 
dibles is extremely long and the jaws are narrow. Ninnerous 
teeth with coTn[)rcssed fangs are found in botli jaws. 'The 
eyes arc small, and in J ^lata yt Ista they arc mdimentaiy. 

In tlie iJepldnldie lastly (Doljdiins, Porpoises, Gj'ain- 
pnses), tljo te(.!tli are usually numerous in both javrs, tliongli 
the .Narwhal is an exception to this rule, as lias already been 
mcid ioruHl. 

The anterior cervical verttdirm aie geiKaally anchylosed 
together. Tlie yiosterior ribs lose tlicir capitula, and become 
articulated only with the tiansverse jirocesses of the vertebra?. 
The eostal cartilages are well ossitied. Tlie symphysis of the 
mandible does not excf*ed one third of tlie rami in kaigth, and 
the frontal and maxillary l)(»nes arc not esjiecially [aoduced 
upward at their edg(\s. 

As the eommon Porjioisc (Phocana eonimwds)^ wliieh is 
a member of tins group, is the Cotaeean wliicli is most likely 
to come within rcacli of the student, it may be useful to 
speak at some length of its more interesting anatomical pe- 
culiarities. 

The adult animj’l is usually abeiif, ii\'e feiT Jong, and is 
covered with a. smooth integument ujion Avhicli no hair is to 
be discoA^med, though a few liairs are visible aliout the month 
in the young animal. The contour of the anterior part of the 
head is very (^on\ ex, ami presents, in the middle line, the 
spiracle or blow-liole, Avhieh has the form of a crescent with 
the points turned dowinvard and forward. The eyes are small 
and placed low do^vn, close to the jiostcrior end of the gape 
of the mouth, Avhieli is lioumled Iw (lense aud rigid lips. The 
aperture of the oar lies about an inch and three-quarters be- 
hind the eye, and is so minute as to be discovered with difS- 
culty. The genital aperture is placed a long ^yay in front of 
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tlic anus in the male ; wliilo, in the femillo, the interval, in 
which the fossie which lodg*c the teats are situated, is much 
less. There is a conspicnions vortical dorsal lin in addition to 
the llattened caudal lin. Immediately benealli the skin is a 
thick layer of blidober, as in otfier Cetneea, 

In th(? spongy texture of all the bones, the absence of me- 
dullary cavities iu those of the limbs, and in the long* per- 
sistent separability of the epipliyses of the centra of the vcrtc- 
bne, tlie lk)r[)oIse n^seinblcs other Cetacea ; as it does iu the 
shortness of the cervical, and the length of tlie lumbar, region 
of the spinal cxdniuu. 

The seven cervical vertebrae are all anehylosed together, and 
the atlas, ^^dli(^]l is very large in pro|)ortiou to the rest, over- 
laps them above and at the shies. The centra of the hiiulor 
cei vieals are so short and broad that they are meva platx^s of 
bone; Tlu*re are twcuty-cight dorso-1 urnbar vcnlebi'ie, of whieh 
fifteen are dorsal. In all but the most anterior of thosi'. 
vertebriC, the zygapojdiysxis are aborlive; and long accessorv 
processes, develojicd tiom the lrorit-|»art of the neui-al ar(*lies, 
loosely cinl)ra<je the spine of the vcn-telme in front. Iliis ar- 
railgeinetit, together with the thickness of th(^ inlervertebral 
ligaments, gives great ilc^xibility to the spinal eolnrnn. The 
transv^'erse pnKjesses of the liinder dorsal, and of tlie lumbar, 
vortchrm arc very long’, 'fhcire are five pairs of ti*u<^ ribs. ^Phe 
sternel>r;e anchylose into an elougjitcd sternuin. 'ITie anterior 
caudal vcrtcbra3 are provided witli large (dievrou-bones, and 
tfioir iransv(>rse processes exhibit notches tlirougli whieh 
bi'andios of the aorta p/iss. 

In conserpioiu‘(? of the gdobnlar form of the lyrain-x^ase, and 
the prolongation of the jaws, the skull lias a (laskdike shape. 
There is a sliglit wa nt of symmetry about the base of the upper 
jaw, but it is harxlly appn^ciable. 

Ill a lougiludiual section, tlie llntness and tlio upwardly 
concaves contour of the base of the skull ; the extreme shallow- 
ness of the sefM turcica ; the presence of an ossitied tentorium ; 
and the broad imperforate anterior wall, in the place of (ho 
cribriform plate of the etinnoid, are striking features. The 
synchondrosis lietwecm the bash and presplamoid is persistent. 
(In the base of the skull the basi-occnpital givaxs oif grexa t firo- 
cossos outward and downward, to form, tog(‘ther with a para- 
mastoid prolongation of the exoccipital, and tin? squamosal, a 
chamber in whicli the aneliyloscd tymjnuiie an<I perioti(3 bones 
are contained. The ex- and supra-occipitals, together with the 
interparietals, form the wliole liack wall and middle of the 
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roof of tlie craniiini, separating the parietals completely, and 
the frontal s largely, and reach ing the nasal bones. 

The basi-sj)lienoi(l is anchylosed with the small and almost 
horizontal alisphenoids, and there are no sphenoidal ]:)terygoid 
2 >ro(a).sses. ddie parietals arc small, and occaipy only the under 
and lateral portions of the brain-ease. Tiie frontal bones are 
very broad and exjianded, and are completely ancliylosed to- 
gether, whcrci tlu^y form the front Avail of tlie brain-case* Pos- 
teriorly and above, tht?y diverge to receive tlie interparietal. 
The supra-orbital proc(\ss{\s arc extremely large, and are 
directed forwaid and outward, not backward and i)utward, as 
in the Wbalebontj Wlnilcs. The greater part of the superior 
surhvee of the front ;ds and of tlndr orbital pi'occsses is rougli 
and covcreil ovm’ by the expandeil maxillary bones, vvhicli 
alloAV only a narrow, transverse, smootli, band-like surface, 
formed by tlie froutals, to b<3 seen on the upper and anterior 
region of tlio skull. Tlie rough surface is iriarkcd by two 
siiallow grooves whi(‘]i pass from below upward, and are con- 
Amx tOAA^•^rd om^ anotlnu' and to the iniddk^ biu*. (Jorres])ond- 
ing groov(^s exist on tlicundm* si«lc of the (^xpaiidod proximal 
ends of tlie inaxillarics ; and, wlicn tliese are in their natural 
positions, the coadaptc'd grooves form two canals, which are 
blind in front and above. Tliose, in tin? natural state, are full 
of air, ami communicate Avith the air-chambers at tlie base of 
the skull and Av^ith the Eustaxhian tubes. 

The Tl^^rro^v' proinaxillaA arc anchylosed witli the inner 
margins of tlie maxilhc, and contrilmte only a very small por- 
tion of the alveolar margin of the uppi'T jaw. The alveoli are 
not complidcly separated from one another. The plcrygoid 
bones do not unite in tlie palate. They have a peculiar ex- 
cavated form, and ar<^ uotclied for the passagi^ of the ends of 
the Itlustachiau tuix's ihe nasal jiassages. Tliese are nearly 
vmtical and are separated by the large and strong A-omer. 
Their superior apertures are left quitti uucoAa'red in conse- 
(i[ueiice of tlie small size, iubeiiadar form, and backward posi- 
tion of the nasal liones. The squariiosjil is rfdatively small, but 
has the characttnistically cetacean, large, zygomatic process ; 
til is extends forward nearly to the postm^ior end of the supra- 
orbital process, and gives attachment to tlie slender jugal. 

The periotic bones form a dense osseous mass, Avhich is 
anchylosed with the no less heaAy and thick, scroll-shaped 
tympanic. The/;ro’6' rnastoidca of the ]">eriotic mass fits pretty 
accurately into a recess of the chamber Avhiidi has already been 
described ; and is thus held in position in the dry skull, though 
it is A^ery easily detaolicd. 
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When the tympano-pcriotic bone and all the fneial bones 
are removed, only two jiair of ibraniina are visible in ilic base 
of the skull, Tli<^ anterior pair o’ive exit to tlie second, third, 
fourtli, the anterior division of the llfth and the sixtli Jicrves, 
and these aiiswer to tlie optic and splienorbital forainlna. Tiie 
posterior pair take the place of the oval, posteiior lacerated, 
and jugular foramina, and the ]wecondyloid foramina open into 
tlniin ]iosteriorly. The rami of the mandibles arc only unitcjd 
by a short symphysis. Tlie body of the hyoid is broad and 
hexagona], and has two sleiKler/anterior, and Uvo Inoad and 
flat, posterior, cornua. 

In the natural position the foredimbs si and out from the 
body with their Hat surfaces looking upward and downward; 
the npp(n' surface beiug directa'd a litile backward, and the 
lower a little lorward. The tuberosity of ilu', short humerus 
is directed forward. The ear])us contains .six or seven ossihea- 
lions. The numlxw of phalanges in tin? digits is two, eiglit, 
six, three, two, counting the pollex as the first. 

The pelvic Ikmes are elongated, slightly curved, osseous 
styles. They lie Avith their long axes |)arallel to the vertel>i*al 
column, their conv<.*x sides upward, and their s-rnalha* ends for- 
ward, within an inch of th<; cmitra of the vta’tc’bra:’, tlnu’r 
hiudor-ends being dose to tlic third chevrou-Ixane of the tail. 
The fi‘oiit-ends arc about an inch apart. Txvhiud its centre^, 
each ])onc presents a flaiteiied thickening for th<? filiaclinicnt 
of the corpus caveniosuin of its sid(\ 

The cutaneous muscle is very largely <leveh>p(Ml, aiid lies 
between two layers of blubb(?r, the thick .siirperh(vi<al one sej>a- 
rating’ it from the skin, and t he thin deep laym' from the subja- 
cent muscles. It may be sakl to be dispf)sed in two bi'oad 
layers, a dorsal and a v(mtral,oii eadi side; tlicse extend from 
the 0('.cipital crest, and from the. rami of tin? mandibles, to the 
tail. Both th(}se divisions send off vstrong bundles to the hu- 
merus, wliich actus powerful adductors, abductors, protractors, 
and retractors of the fin. Hiore is no trapezms, and the rep- 
resentative of the latisi^rntm <Jo}\u is very siuall. A strong 
oecipito-htimerciUs^ from the paramastoid to the. t ubmosity of 
the humerus, seems to represent the cleido mastoid and c-lavicu- 
lar deltoid, A (H}HlO‘hHmeraUs extends from the stei'num to tlie 
inner tuberosity of the humerus. A small coraco-hrac/n’aUs ex- 
tends from the apex of the coraeoid to tlie inner tuberosity of the 
humerus. The pectoraUs major seeujs (f) be? represented by a 
muscle which arises from the sternum, close to the attachment of 
the third and fourth ribs, and is inserted into the ulna.. The trU 
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eejjs extensor is ropresoiitod by tendinous fibres in wliicli inuscle 
cannot always be dete(3tod, which extend from the posterior face 
of the hurnerus to the ulna. The other muscles of the forearm 
and all tliose of the maims are absent. The dorsal muscles 
f()i*in a thick continuous mass from tlie end of tJie tail to tlie 
o(*cij)Mt ; and, on the voiitral side of the spinal column, the 
sub(*audal muscles are similarly continued forsvard, as far as 
the middle of the thorax. An ischlo-catuktlls passes, on each 
siile, from the anterior chovron-bones to the ischium. Between 
tiieir attaclimenls is an aponeurosis which supports the anus; 
ischio-cavernous muscles pass from tlie iscliia to the corpora 
cavernosa. 

The diaphrao-ni h[is no tendinous centre. Its pillars are 
^'cry thin, and, extending between tlie kidneys and the spine, 
liecoine tendinous, and arc attached to th(3 ventral faces of tlie 
vertebim, as far as the nintli lumbar. A strong fibrous apo- 
neurosis is (‘oiitimied back over the siibvertebral muscles to the 
pidvic bones. IhM wecn these bon(‘s and the ends of the trails- 
^'erse [)ro(Mxss(.‘S of the twcaity-cigbtli and tw(?nty-iurith verto- 
br;e (counting from the first ilorsal) the apoiKHirosis is so stout 
UxS to form an almost distinct fibi’oiis band, vvliieii occupies the 
place of an ilium. The ureicr lies between tlie ischio-vertcbral 
fascia and the peritonanirn. 

The tooth are small and iimnerous, and their crowns are 
obtuse and const ridded. The passage of the pharynx is di- 
viiledin the middle, the soft palate being prolonged into a mus- 
cular funnel, the opening of vA'liich closely fits th(^ constricted 
neck of the loiig cone into wliieli the (Epiglottis and the aryte- 
noid cartilages are produced. Thus the arriingcincnt which is 
transitory in the Marsupial is permanent in the Cetacean. 

The stomach Is divided into three sacs. The first is large, 
(Kmical, and lined by a coarse wliite epithelial coat. Tlie gul- 
liit 0 |>ens directly into it. The second stomach communicates 
with the first by an aptadiire which is close to the cardiac end 
of the gullet, and is surrounded by a vmy prominent riigostj 
lip. A curved passage about one inch long and capable of 
admir.iing the finger, lined by a Avliilo e[)it!ie]ium similar to 
that of the first, leads into the s(Econd stoinacli. The second 
Vjtomaoh is lined by an extremely vascular and soft niiKious 
numibrane, witli about ten strong longitudinal folds, separated 
by deep sulci, interrupted by transverse ladges. A narrow 
and curved canal leads from tliis into the tliini stomach, which 
has a tubular form and is bent upon itself. Its lining mem- 
brane is quite smooth. A small, circular, pyloric aperture 
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placcii tliis in coinmimication with the dilated conimenceinent 
of the duodcnuni, which has sometiines been r<\irflrded as a 
fourth stomacli. Its lining- inernbraiie presen Is lougitudinal 
ruga? continuous with those of the duod(nnun itself. The con- 
joined pancreatic and biliarj ducts open just beyond the di- 
lated part of the duodenuin. There is no cajcum, or demar- 
cation between the large and small intestines. Tlic bilobed 
liver has no gall'ldadder. 

In the heart tiui fossa ovalis is disiiiud, but there is neither 
Eustachian nor Thebesian valve. The vtnia eava inh?rior is 
long and wide, but is not especially dilated near the lieaii;. 
Muscular fibres arc not continued on to it from the diaphragm. 
The aorta and pulmonary arteri<?s are not dilated at their ori- 
gins. Tlie arteries have, a groat tcmdeiu’y to break up into 
plexuses. Thus the internal carotids Ibrm great net- works 
which communicate with vertebral jdexuses, extending through- 
out the entire spinal canal. Tiic brachial artery divides into 
two branches, and tlic^so subdivide into innumerable parallel 
twigs. The intercostal artenies are the cliief source of tin? 
large thoracac ])l(ixuses, which lie at the siil(‘s of the vertebral 
column in the dojsal half of the thorax. Finally, an artenial 
retc niirahile surrounds tlie caudal aorta, 'fhe V(.nns form 
jjlcxnscs ('orrespotiding to, and mixed up A\ith, tijoso of the 
arteries ; and a very large venous plexu^s lies on the subvertc- 
bral imiscles in tlie abdomen and tliorax. 

The respiratory apparatus of the Porpois(i ])resenls many 
remarkable peculiarities. The contour of th<? front part of the 
head, as bouiuled by the integuinent, is very convex — tlie cor- 
responding facial region of the skull, oii the contrary, is very 
concave. The interval between the two is occupied, in part, 
by fibrous and fatty tissue; and, in part, by a singularly sat*.- 
culated sphxmdar ckahtber^ wliu‘E connects the single spiracle 
with the double extc'riial nares of the skulk Two valves, an 
anterior and a postcirior, lie immediately above tlu?se external 
nares and close tlie communication between them and the 
chamber, except at such times as it is forced open from b(?k)vv. 
Eacli nasal passage remains distinct fre^m the other as far as 
the valves, the middle of each of the latter benng fastened to 
tlie septum, so that there may be said 1o lie a pair of valves 
for each ojiening between the ])assages and the spiracular 
4?haiiiber. Each nasal passage, after it ceas{?s to be surrounded 
by bone, sends olT two diverticula, one forward and one back- 
ward. The anterior, which lies between the anterior valve 
and the preniaxilla, is a simple sac, lined with a thin, black, 
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smooth mom}>r;inc. The posterior fliverticiiliim lies betAvecn 
the posterior valve aiul the elliitjoid and nasal bones. It is 
incoinpletely divided by a sort of shelf, is jn^olonged forward, 
round, and in fi-ont of, tlto nnierior valve, and ends blindly in 
the middle line above the anterior sac. The spiracular chamber 
itself is produced, on each side, into a largo lateral sac, the 
walls of wliich are raised in strong parallel ridges, and cover<*d 
witli a black papillose iut(\ginnent. '^riie walls of tliese sacs 
are strong and (‘lastic. I.ava'rs of muscular fibres pass from 
the occipital ridge to the ])Osterior h]) of the siiiracle, and 
from tlic edges of tlie maxilhc to its anterior lij). Their ac- 
tion is necessarily to open the spiracle and compress the sacs. 
Til ere is no sjdiinctm’, the form of the spiracle causing it to be 
naturally shut by tlie iittiiig together of its Avails, and tJie 
pressure of ibo water u|)(>:i them. 

Wlieu a Porjxhse comes to tlie surface to “ bloAv,” the 
sliape of ih(; ]X)slerior, concave lip of the cresceutic spiracle 
does not sensibly alter; but the aniraior, <•onv^^K li[» is pulled 
downward and forward, its surface becoming stancwliat do 
pressed, and its free edge nearly slraiglit — so that the aperture, 
when fully dilated, assumes tlic form of a hall-moon. At: tlic 
same time, the air is expelled with a rushing sound. Tlie 
inspiratory act must l>c very rapid, as the* spiracle remains 
open for only a very short time alter ox])iration ends. Wlnm 
the larger (Jefacea come up to breallie, the expired vapor 
suddenly condenses into a cloud ; and, if expiration commences 
beibre tlic sjiiraeh* is actually at the surface, a eertain quantity 
of spray may be drivtiu up along with tiic \ iolent current of 
the expelled air. This gives rise to th(^ appearance termed 
the spouting ” of AVhales, which does not arise, as it is 
coimnonly said to do, from the straining olf of the sea-water 
swallow('d with tlu', food, and its expulsion I.>y tlie nostrils. 

The (Epiglottis, in front, and th(:j arytenoid cartilages be- 
liind, are ]ir(>long(id into a ta|)ering tulie, dilated at its svaninit 
into a kiiol). '^^flie muscular soft [lalate mnbraces the neck of 
this knob so closely that it cannot be witlidravvn without 
considerable effort. And thus, during life, tlie nasal air- 
pa8sag(‘s and the glottis an> kc'pt perfectly continuous; wliile 
the Porpoise daslies through tlie Avati^r, opr^ii-moutlied, after 
its prey. The point at wdiiiih i}i(E extra bronchus to the right 
lung is given off is separated by four rings from the bilhreat ion 
of the trachea. I'he lung’s are not lobed and their tissue is 
very dense and elastic. 

The cerebral hemispheres are, taken together, broader thaB 
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they ar(3 long. In tlic upper vio\s" (hey leave not more Ilian a 
seventh of the length of the cer<4>elluin cxi^osed, ^vhile they 
overlap it largely at the sides. The outer surface of the licmi- 
spheres is extremely convajluied, the gyri being numerous ami 
separated by deep sulci. Tliere is a wclbinarked Sylvdau 
lissure, with a central lobe, or insula. A rudinieut of a pos- 
terior cornu lias been observaMl, in the lateral veiitrich'. The 
corpus c.tllosiun is small, ndatlvely lo the size of the heini- 
spheres, and the anterior commissure is aliriost obsolete. The 
iriedulla obloug*ata has corpora trapczoidca. Tlie olfactory 
nerves arc wanting — a circurnstance agrx^es with the 

entire absence of ethmoidal turliinals. '.rho eye has a thick 
sclerotic, and there is a choanoid muscle; no nictitating mem* 
brane is present. 

The external auditory aperture' is so small as to be ('asily 
overlooked. Tln^ meatus audllorius is a narrow undulaling 
tube about two inches long. Tin* tympanlo membrane is con- 
c/ivc oxternaJly ; and, as is nsiiai in tlu^ Cckirea^ is comu'cted 
by a ligameut with the hainile of tlie malh'us. There is only 
a siiiall aperture in tJie slapes. Tln^ tensor tynipanl arises, as 
in Carnivores, from a fossa in tine [)erioti(' ossi (hail ion. 

Tlic Eustachian tube [)a.sse 3 tliroiigli tin; notdi in (In’ |)t<.'a*y- 
goid and opens into tlie nasal |>:Lssago on the inner sulc of tliat 
liotcli, (dose to its (a)innienc(‘meiit it coiinnnnicatcs, by an 
oval a]'>orturo, with a remarkable air-chainlxa’, wliicfi extmids 
backward between tlie [)eriotic mass am I the hadis criiiul^ and 
forward to the undcii* side of the expanded part of the maxilla, 
where it opens into the canal In'tween the. maxilla and tlie 
frontal already diiscribed. These (.'hanilxu's, likc^ tin; bromdii, 
are generally full of nematoid worms. The testes and penis 
of tlie male are enormous in ])roportion to the size of the 
body. 

The penis is diivoiil of a bom^, and, ordinarily, is bent up 
in tlic long preputial sheath. 

c. The PhocodonUa arc ropresentc'd only^ by Zeiiyfodon^ 
S'jualodoa^ and other largi? extinct cotaccaus of the tertiaiy 
epoch. Thc'se remarkabic fossil forms constitute connccling 
links between the (Jetarea and tlic aquatic Oarjif rora. Tha 
cervical veriobne arc distim^t and unanclivlosed, neaily re- 
sembling those of t(j(3 lihi/aeocfdL Tin; (auidal vertcrbric liavc 
their transverse pnx-esses perforated vi'rtically, as in many 
Cetacea* The distal mids of tJio rif)S arc enlargixl somewhat 
as in the Sirenia, Tlie skull is symmetrical, and the nasal 
bones, though still short, are longer ilian those of any otlieif 
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cetacean. The zygomatic processes of the s(|iiarnosal are large 
and tliicl'C, and the supraorbital |)roccsse9 of the b-ontals wide 
and expaiidiHi as in tiio Cetacea, 

ITie scapula appears to Imve had a spine and acromion like 
tliat of M(itiaiu,% d'hc humerus is compressed from the side, 
ami Jjas true articular surfaces upon its distal end, altliough 
they arc of small size. 

Tile molar ti^eth liave laterall 3 ^-compressed crowUvS witli 
serrated edgC'S and two fangs, resembling tiiose of many seals, 
and Zciujlodon dillers from all the other Cetacea in tlic circum- 
stamie that some of its teeth have vertical successors. 

Tlie Deciduate Mammaeia. — These may be subdivided, 
Mccording to the form of the placenta, into two groups: the 
Zoiuiria and the JJiscokfea, In llie former the placenta sur- 
rounds the chorion like a hoop, leaving its ends free of villi, or 
neai ly so. 

In ihc 7>/,vcr>/(7c(7, on the other hand, the placimta takes 
tlie form of a thick disk, hicli is suiiietimes more or ]c*£S lobed. 

The irmmnialia which possess a zonary placentation are the 
Ce/raivoray the J. Vol^oscideay and the liyracoldeet, 

liJacli of tliesc divisions is veay closelv" related to one of the 
foregoing. Thus the Carnivora approach t he Cetacea ; the 
Prohoscieka^ tin? Hirenia ; and the Ilt/raceykleay the Ungu- 
lata. 

The ZdXAiiTA. 1. The Catinivoka. — T n this order the 
liead, relatively" to the body, is of moderate or small size; and 
iiair is abundant. 

Tlie oervitial vertebra’s are free and iinaiich 3 dost?d, and their 
cemtra are clongatixl. The odontoid process of the second is 
well de\"eloped. Tlie dorso-Inmbar vertebrae are almost alway^s 
twenty" in number, rarely twenty-one or nineteen. The num- 
ber of dorsal and lumbar vertidine, respectively, varies be- 
twi^en sixteen doi-sal and four lumbar, and tliirtcim dorsal and 
seven liunbar. Tlio dorso-lnrnbur vertebrjc are always articii- 
latc^d together by^ their zygapophyses, and tliere is a com- 
plete sa(aum. 

The sternebrm are numerons and laterally compressed. 

In the skull the nasal bones are well develoiied, and have 
tlie ordinary" form. When siijiraorbital eidarg<*ments of the 
frontal exist, they are of moderate size. The parietals unite 
in a long sagittal suture. The orbit and the temporal fossa 
oommimicate Ircely, the posterior boundary of tlie orbit never 
being completed by bone. The jugal bone is large and unites 
by a broad surface with the maxilla. There is a distinct 
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coronoid process, and the long axis of tlie articular surface 
which receives the head of the mandible is transverse. 

The hyoid has a small body and many-joint cd anterior 
cornua. 

Both pairs of limbs arc fully developed, and tin; tail is not 
provided with a. horizontal iin. Clavicles maybe absent, and, 
wdien ossified, they do not ocx-upy more than half the interval 
between the acromion and the sternum. The scapula has a 
distinct spine, and a large vSupra-S[)inoiiB fossa. 

Neither tlie liallux nor the pollex is o[)posabl(\ 'Fhc car- 
pal and tarsal bones liave the ordinary number and arrange- 
ment; except that, in the carpns, tlio scaphoid and hoiare are 
niiited into one bone. The terminal phalanges of the digits, 
wliich inner fall below four in number, aie almost always 
provided with sharp and pointed claws. 

The teeth are always distinguishable into incisors, canines, 
and molars ; tliey <are lodged in distinct sockets, and their 
crowns are covered with enannd. Tliero are always two sets 
of teeth, a milk and a permanent dentition. As a very general 
rule, th( 3 re are six incisors above and an (*(|ual number below. 
The canines are long, curved, and pointed. 

Tlie stomach is sim])le and undivided, and tlu^ cavum, 
which is never large, may be altogether absent. 

The liver is deeply sub<livided, and tliere is a. gall-ldadder. 

In the brain, tlie eercbellmn is iiever eom})lote]y covered by 
the cerebral hemis[)heres, which are connected by a large 
corpus oallosum, and, exce]>t in the a(|uati(^ forms, by a well- 
deveioped anterior commissnre. On the exterior of each 
liemisphere, there are usually three distinct convolutions sur- 
rounding tlie Sylvian fissure. But, in the acpiatic Oarnivora^ 
the gyri are mucli more numerous and comjilicated ; the cere- 
bral hemispheres are miujh broader and longin' in proportion 
to the length of tlu^ brain ; and they may (wani exhibit a rudi- 
ment of the postciior c<nim. In ail these respects tii(jy ap- 
proach the (Jetacca. 

Tlie inferior turbinal bones are always lai-ge and have*, a 
complicated form. 

There are no vesicuke stnninales, and an os penis is very 
generally present. TJie o\ ary is enclosed in a j^eritoiieal sac. 

The Carnivora, are divisible? in to tlie 1*1 tanpedia,, or acpia t ic 
Oarnivores; and tlie whie^^^^^^ are maiuly tenTcstrial 

and cursorial. 

a. In the Flsslpedla the incisors are, with one exception 
{Enhydris^ the Sea-otter, with six in number in each jaw* 
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The luniT-limbs have the position usual in mammals, and 
the tail is free to its root. The pinna of the ear is fully de- 
veloped. The middle, or outermost, digits, of the pes are 
longest, tlie hallux being shorter than the others. 

Almost invariably, the distal phalanges of both limbs are 



provided with claws; and, in the most thorouglily carnivoroua 
forms, these claws are very strong, curved, and pointed* The 
phalanx which supports the claw has a similar form, and a 
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plate of bone rises from its base as a sI)ort slieath. An elastic 
ligament connects tlie base of the inigiial phalanx with the 
middle phalanx, so that, when tho flexor dlgltorum 

is not in action, tlio ungual phalanx is pulled back upon the 
middle ])luilanx, and the claw which it bears is reti'acted into 
an intcgiimeniaiy slieath. 

The olfactory lobes are usually largo and the con^bral herrii- 
sph eres elon ga ted. 

As the Dog {Can Is fain ll lartff) is an excellent and easily 
accessible example of a fissipede caTnivore, it may be useful to 
luention some of the more important points in its anatomy. 

The vertebral column contains twenty dorso-liunbar ver- 
tebra^, of which tViirtecn arc dorsal and se\'cn lumbar, three 
sacral, and eighteen to twenty-two (‘amhd vcrtn‘bra\ The 
atlas has broad and rounded aim, llie anterior margins of 
W'hicli are deeply <?xcavated near ih<j roots. The postcM'ior 
edge of the sjiiuoas process of tiic axis \’('rl('l)ra is almost p('r- 
pciidicular and Yury thick. 

.Niue pairs of ril^s are usually conne(ded by sterno-costal 
eartilagijs with the sternum, which is composed of (dglit lat- 
eral ly-com pressed stermnira'. Only two of the tlnxa; aiichy- 
losed sacral vertehim articnhito wdih Iho ilia. 

x\s in the Carnivora in g^mcral, the occi]>iial foiainen is 
jilaced at the posterior end of the skull, and looks almost 
dirc(*lly backAvard, The sagittal and Jamlaloirlal cn'sis are 
greatly develope<l and meet in a prominent 0(‘(*ipital S]>ine ; 
the zygomata are very wide and arclied < ait ward; and the 
coronoid process of the mandilde is vmy laigc*. Tin.' si/c of 
these parts is in relation to the magnllude of tlu^ muscles of 
the neck and jaws. 

The ramus of tlie mandibh’! is nearly stfaiglit, the proper 
angle of the jaw being obsolete*. A supia-angular process 
projects outward from the ascending portion of the ramvis, 
and takes the place c>f tlie proper angh-. The articular 
condyle is much elongated transvcrselv, narnny and convex 
from before backAvard ; and tlie prt?- and post-ghmoidal ])ro- 
cesses of the squamosal are iiroduced downward so as to 
convert the joint into a eompleto ginglyinus and to rivstrict 
the motion of the jaw to the vertical plaiu*. Tlie supra-orhita] 
processes of the froiitals are small and pointed. '^I'he root of 
the alisplienold is t raversed by a longit udinal canal. The tyrn- 
panuni is bounded brdow by a convt^x osseous wall, wliicii is 
termed the IniUa. It opcn.s externally by (lie short external 
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meatus, at tlie inner end of which is a circular elevation for 
the attachment of tlic tympanic moinbrane. A short distance 
internal to this fi'aine for tlie moinbrane of the dnnn, a low 
crest rises from tfie tloor of the bulla and imperfectly divides 
it into an outer and anterior portion which communicates 
with the Eustachian tube, and an inner blind Sjiheroidal cavity 
wliicli occupies the greater part of the bulla. The part of the 
bulla wliiidi forms tlio tloor of tiiis cavity is tlic result of the 
ossiticfatioj) of a process of tin? p(.riotic cartilage, while tlie 
other j:)Jirt is furnished l)y the tympanic bone. The low crest 
is produced by tlie conjunction of both. Posteriorly and in- 
ternally, the periotic region <3f the bulla presents a canal, 
througli wbicli tlie iutcrual carotid artery passes. Tlic pos- 
terior opening of the carotid can;d looks into the fonmien 
larcrwri postiomn^ and is not visible without dissection. 
There is a larg(.‘ ])ar(H!ci|>ital process, with a prominent free 
('.xtrennity ; but, for the greater part of its length, it is closely 
applied to ili(' back of the l)ulla. I'lio condyloid foramen is 
quite distinct from tin? forarnen laeev'imi posterhis, A large 
foramen behind th(» gleiioidal (cavity transmits a vein from the 
interior of llie skull. In the nasal cavity, tin? ethmoidal ti.rbi- 
nals are very large ; the superior turbinals arc? prolojiged into 
the great frontal sinus, and the inferior turbinals unite, in the 
middle lim^, with the septum. 

Tlie clavicles of the Dog are always riulimentar}", and are 
generally rejnx'sented only by a gristly intersection of tlie 
musc-les which represent tlie sterno-mastoid and dedtoid. 

The oleeraiiar fossa of the humerus is perforated. The 
hallux is much sliorler than the other digits. Wlicn the Dog 
stands, the metacarpal bones of these digits arc nearly verti- 
cal ; the liasal plialanges are horizontal ; the middle and the 
distal phalanges ar(? iuclineil in the form of a V with the apex 
(tin? art iculalion b(?l ween the two) downward. The claws 
are, (ronsequently^ raised from the ground, the foot resting 
partly on a thick integumentary ])ud, xvhich lies beneaili the 
basal plinkingcs; and, partly, on the under surfaces of the 
joints between the middle and the distal phalanges. The dis- 
tal phalanges are kept bent upon tlie middle ones by elastic 
ligain(?nts, xvliicb pass from one to the other, and Avhioh an- 
tagonize the action of the long flexors. Tlie Df)g, therefore, 
possesses the meclianism for the retraction of the claws, but 
its action is not sufficient to protect tlicm from wear. Jfahdloe^ 
or sesamoid bones developed in the tendons of tlie gadrocner 
miuSy lie behind the condyles of the femur. The fibula is thin 
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and closely applied to, but not aiicliylosod with, tlie tibia. 
The hallux is usually, rudimentary ; only the metatarsal, and 
the basal j)halaux, being represented by two small ossit^les. 
In some breeds of dogs, however, the liallux is fully developed. 

In tlie myology of tlie Jlog tlie insertion of Hie tendon of 
the external obli(|ue imisele of the alidornen presents some in- 
teresting peculi{iritit‘s. Tlie outer and posterior fibres of this 
muscle end in a fascia which is partly continued over the 
thigh Iraa, and partly tbrins an arch (Poupart’s liga- 

incnt) over tin? femoral vessels ; by its inmn* end it is inserted 
into the outer side of a triangular libro-cartilago, the broad 
base of which is attaclied to tlie anterior margin of th(‘ puliis, 
between its s])inc and tlie symphysis, while its apex lies in 
tlie abdominal parietes. The internal tendon of Hu*, external 
oblupic iinitos with the tendon of the internal oblapu* to form 
tlie inner pillar of the abdomimil ring, and is inserted into the 
inner side of the triangular libro-cartilage. ^Phe is 

attached to the ventral fac-e of the cartilagi*; the ()ulr*r part 
of the tendon of the re<*tus into its donsal face; but- tlio chief 
part of tliat tendon is inserted into tiui pubis br‘liind it. This 
iibro-cartilage* appears to repn^sent the marsn|)ial bone, or 
cartilage, of tlie Monotremes and Marsupials. 

The tnipezius and tlie sternomastoul coaloseo into a. single 
muscle; and, in tlie absence of a comphite clavicle, tlu^ outer 
fibres of the latter and thos(? of the anterior part of the d(‘j- 
t(.iid arc coritimious. In this way a muscle v\ hic'li has b(‘en 
called levat07* hif/m erf- p7*oprim is fornic‘d. The on/ ohj/oid und 
Hie siibclanlus are absent. TJiere is a and 

a dorso-eplti'ocJileatos. Tlu.* saph/atoi* lo7/f/i(ii is absent, but 
there is a pt\)nafo7* qaadj^ntifs. The exfooso/' corruiiums dl(jl- 
toinmi 77ia7ids divides into four tendons, in which sesamoid 
bones are develojied ov’er tlie articulations between the first 
and second phalanges. T\\q cMe)iS07* p7'hn l i7iter7u>d/ l polUcis 
is absent TIu^ extxnsot* scimridl inteyniodil us one muscle with 
the extoisot' indlcls. The extenso/' r7i/ni//u du/lti sends t(?n- 
dons to the third, fourth, and fifth digits. All theses deep ex- 
tensors have sesamoid bones over tlie iiiotacarpo-jihalangeal 
articulations. 'Jlie palt/Kvis lonf/us appears to bo alisent; 
but all the other f]oxo?‘S of the marins, even tiie 

are represented. Tlu^ tendons of ihojlexoy* poUlcis lo)7gaa 
and flxxot' dn]it07*um pe7dara,ns are united. Ilie divisions 
which the common tendon sends to tlie livcj digits develop 
sesamoid bones, just before their insertions into the bases of 
tlie distal phalanges. The fifth digit has its abductor^ flexor 
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brevis^ and opponcns / the pollex, an ahductor^ adductor^ flexor 
hreeis^ and, perhaps, an opponens. The second, third, and 
fourth di:>ii 3 have each a pair ioi flexores breves^ which repre- 
sent the interosselpdm\ are inserted into the bases of the prox- 
imal phalanges, a rclativ^ely large sesamoid being developed 
in each. Each semis olf a line tendon dorsad to the extensor 
sheath. ']l\\q plaritaris is large, and, as in the Pig, its tendon 
|>asses into the representative of the flexor brevis dlgitormn 
pedis. Th(^ tendons of the flexor halhieis longus and flexor 
pjerforajis unite into a eoininon tendon, which subdivides into 
slips for the digits. 

The dental formula of the Dog is L “ | c. 
v>y. —’ 3—42. The two upper inner incivsors, on each side, have 

distinctly trilobcd crowns — tlie lateral cusps of the crown 
arising fiom ontgroAvths of the Hngulum at its base. The 
outer incisor is larger than the others, and its iniddlo cusp is 
very huge, while tlie outer is rndirnentary. The large canine 
has a strong, curved, pointed crown, with a longitudinal ridge 
along its posterior face. The crowns of the anterior three 
preinolars are tiiangnlar, with a smooth-cut ling aiitcnior edge; 
the hinder erige is also sharp, but is divided by a notch into 
two lobes, of 'vvhicli the liiader is the smaller. These teeth 
are two-fnnged. The fourth premolar is a largo tooth. In 
form, its crown has a general similarity to that of the fore- 
going ; but, firstly, the postymor lobe is relativtdy much larger, 
and pointed, so as to form an obvious second cusp; and, sec- 
ondly, a strong process of the croAvn projects inw’ard from its 
anterior end, and is supported by a distinct fang — so that this 
premolar is three-fanged. It is termed a carnassial^ or seoto- 
ri(d^ tooth, as it bites like a. scissors-blade against a corre- 
sponding tooth in the mandible. The preceding teeth have 
cutting crowns ; but tliose of the molars arc broad and crush- 
ing. They cxlul>it an outer division, formed by two large 
subequal cusps, ami an inner divisioT>, also presenting two 
cusps, tlie postei’ior of which is much smaller than the ante- 
rior. In addition, tlie cingulum sends up a strong process on 
the inner side of the crowm. 

In tlie lower JaAv, the croAvns of tlu' incisors, the outer of 
which is the largest, are all trilobcd. The outer cusp is 
strcAuger than the inner in all, and particularly in the outer, 
incisors. Tlie canines resemble those of the upper jaw. Each 
premolar has two fangs and a sharp triangular crown, the pos- 
terior edge of which is trilobcd, as in tlie upper premolars ; 
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but the posterior lube is small in the fourth, which dilTers but 
little from the rest. The first molar, on the other hand, is a 
large tooth, with a blade-like crown, whicli bites agaijist the 
inner side of the upper fourLli prernolar, and is call(jd the 
carnassial or sectorial tooth of the lower jaw. The crown is 
elongated, and presents a largo anterior external cusp, divided 
into two Jobes by a deep iiotcli. On the iiuuu- side of this is 
a small internal cus]>. Tlie two posterior cusps are very niueh 
lower than the anterior ones, ami form a sort of lu^el to th<? 
blade-likc anterior portion of the crown. An ob]h|uo ridge 
connects the outer and hugc'r of the tvvo poslerior cusps with 
the small inner and anterior cus[>. Tlic st'cond molar has a 
broad qiiadri cuspid ate crown, the inner ])osi.erjor cusp being 
almost obsolete. The crown of the last molar Is small, simple, 
and obtusely conical. 

It thus appears that tlie secforialj or Citrruisslal^ teeth in 
the two jaws diller in tlieir nature, tlui iipjxu* being tluj last 
prernolar, and the lower tlie aiitcirior molar. The milk denti- 
tion of the Dog is (LL ” , 7 ] <7.c, (Jan, the* "Mirst ])reMJolar” 

of the adult dcniitiori having no d(^ci<liH>ns predecessor; so 
that, in this, as in so many other (.*ases, it is dou])l,ful wliother 
it ought to be counted in the milk, or in llie adult, dentition, 
Tlie middle deciduous molar in both jaws n^sembles tlie hinder- 
most prernolar of the adult dentition, and tlie hinderrnost, the 
first molar of tlic adult. The so-called “ fust preuKdar ” of the 
adult, and the anterior molars, appear be foie any of the decid- 
uous molars are shod. 

The ca'cuin of the Dog is long, and h^ldial upon i(s<df, in 
which respects it is unlike that of i>t.her Carnivores. Tlie arch 
of the aorta gives off an anonyma and a left suliclavian. 

In the brain, the olivary bodies arc inconspicuous, tlie 
corpora trapezoidea lai'ge, and the corpora inainiitUlarkt dis- 
tinctly double. The olfactory lobes arc V(ny large, and ex- 
pand posteriorly on tlic sides of the brani into a bioad mass 
continuous with tlic e/yrus iincinatMS^ or hijipocampal lobule. 
The cerebral liemis 2 :>heres extend for a considerable distance 
over the cerebellum, in the upper \ ie\v, and (overlap it later- 
ally. The Sylvian fissure does not extemd uKue than half-way 
to the median fissure. The surface which answers to the 
insula is quite smooth. The anterior ends of the calloso-mar- 
ginal sulci pass on the upper surfaces of the liemispheres, and 
give rise to the ‘‘ crucial ” sulcus. There are three principal 
gyri upon the outer surfaces of the liemisphcres ; one which 
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iinmediatolj bouiuls the Sylviaii lissiiro?, one wliicli runs nlong 
tlu3 upper luargiii of tlic lieniisplicn', arid OT;e be i vveovu these 
two. Tlie corpus callosum is long’, and the autei'ior commis- 
sure well developed. ‘ ' 

Tlj(M’e is ii m.mciilus choanoUlcs iu addition to the usual 
ocular muscles, and tlie rudimeutaiy nictitating membrane is 
said to possess a. muscle. 

The f.C}isor tympani arises from a deep pit above the prom- 
ontory, and its tendon j):issos ilirectly outward to the mal- 
leus, 

Tlie male is devoid of Cow|)er’s glands, ddie penis lias a 
bone, and the glands l^ecomes swolhm during copulation, so as 
to prevent thp withdrawal of the penis from the vagina of the 
female. The ovary of the tVnnale is enclosed in a sac of the 
peritonmum, and the utcjrus has long; cornua. Tlie umbilical 
sac is drawn out to a point at each end. 

The Dog'S (including' the Wolves, Jackals, and Fox'cs, under 
this head) form the most central group of the Carnivora, which 
may be termed the Cynoldea,^ From tlicse the Fears, 
Weasels, and ProeyouidtB depart, on tlio one liand, and the 
Cats, Civets, and Hymnas on the other. Tlio former group 
{Arctoidea) have the cavity of tlie bulla tympani undivided 
by a septum. The paroccipital pro(‘ess is not applied to the 
posterior wall of tluj bulla. The mastoid process is widely 
separated fi'iim the paroccipital. The condyloid foramen is 
not merged in a (*ommon opening with the foramen laeeruin 
postlcum. The intestinal canal is devoid of a cfccum. The 
large penis has a bone which is not grooved; there are no 
Cowper’s glands, and the prostate is small. 

In the latter group {Ailuroldea) the bulla tympani is large 
and rounded, and the septum, which is rudimentary in the 
Gynoidea, is so much enlarged as to leav^e only a narrow 
aperture of communication between the two chambers. The 
par-occipital is closely applied to tlie post(>rior wall of the bulla, 
Tlic mastoid process is often obsohMe. The condyloid foramen 
opens into 'a fossa common to it and tlic foramen laeerum 
postieuni. All have a short ciecum. The penis is small, and 
its bone small, irreg'ular, or aliseiit. They have Cowper’s 
glands and a well-developed prostate. 

The Gynoidea are all digitigrade, and resemble the Dog 
ill their dentition. The Arctoldea arc plantigrade, while the 

* See Prof. FloweFs important inomoir on the Glass iR cation of the Oar 
nivora iu the Proceedings of the Zoological Society for 1809 . 
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Alluroidea are for the most part di^itigTade, but may be plaii- 
tignide. In dentition, each of these groups prescails foj'nis 
su(*h as the Bears on tlie one liand, and the ( Vtts on the other, 
which may be regarded as extreme nioditi cal ions, in opposite 
directions, of the type exhibited by the Dog. 

In the Bears, the dentai forninla. is tiie Kaiiie as in the 
Dogs, l)ut the crowns of the t('eth arc all more obtuse. The 
sectorial h^eth losij their inarkerl characlers, and the molars 
have flat and tubcrcniated crowns. Tin? anterior premolars 
fall out as age advances. It is a remarkahle. (drrnnislaiico that 
the teeth of frugivoroiis and eariiivorous l>ears exhiuit no such 
differences as would lead to a sus])icion of their complete 
difference of liabit, if wc were acqiiaint(Ml with Ihesc animals 
only ill the condition of fossils. 

The Cats have the dental formula 
rn, = 30. The canines are very long and sharp, Tlio pri'~ 

molars arc like the DogV, except that tiny are sliarper, and 
that the hindermost (the sectorial tooth) lias hanlly any in- 
ternal process. The single upper molar is a, small tooth with 
a flat, irarisverscly-clongated crriwn, and it li(\s witliiii, as well 
as behind, the great sectorial preinolar. In tlx^ lower jaw, the 
sectorial, or first, molar is the last tooth in the series. The 
crown is a dee])ly-])ifurcat(*d blade repr(?s(mting IIk? arit(*ro- 
external cusp of the coiTesjX)uding tooth in tlu‘ Dog. The 
“iieel” is obsolete. 

While the Bears are among the mr)st com|)letely planti- 
grade of the Carnivora, the (Jats are most entirely digitigrade, 
and the apparatus for the retraction of tlic ungual ])halang(\s 
is so well developed that the claws arc^ coinp]et(‘ly retracted 
within sheaths of the integument, when the animal does not 
desire to use them. To this end tlie (dastki ligaments are very 
strong, and the median phalanx is excavat(nl, in order to allow 
of tlie lodgment of the retracted phalanx on one side of it. 

A. The Pinnipedia,^ or Seals and Walrnsces, art^ those (ktr- 
7iivora. whicli come nearest the (Jetaeeff. Hie tail is united, 
by a fold of skin which extends beyond its middl<‘, witli tlu 
integument covering th<^ hind-legs. These arc*, in most 
spcicies, permanently stretched out in a line witli tlu^ axis of 
tlie trunk. The pinna of the oar is small or absent. Tlie toevs 
are completely united by strong webs, and tlie straight nails 
are sometimes reduced in number, or even altogether abortive. 
The inner and the outer digits of the pes are very large. The 
incisors varj^ in number and lose their cutting form. The pre- 



360 


TUE AXATOMY OF VERTEOKATED ANIMALS. 


molar and molar teclliL are sitniLir in cbaractcr, and never 
have moix* fiian two fangs. There is no laclirjmal bone or 
canal. 

T1k‘ brain-case of llic crauiiini Is genei’Mlly much more 
rounded tliaii tliat of other Carnivora ; and, in some genera, 
the su])ia-orbital proccssc^s of tlie frontals are very largely 
deve]oj)od. In both of these charaeb'rs, and in the great 
breadtii and eoinplication of the convolutions of tlielr cerebral 
]ieiriLsp}i(no.s, as vv<dl as in tlieir rcdatively small olfactory 
iKn-vcs and anterior coininissure, the IHnrdpcdia appro/ich the 
Cet.avca, 

There arc three groii[)s of _P<‘yA/^ ; the Otetrkhv^ iXui 

Triv7iechida\ and the PJiockliV, 

1. The Otiirkkr, or Ean.xl Seals, are so termed because the 
car possesses a distinct tlioiigh almost rndiincntaiy pinna. 
TJiese Seals liave long necks, and can stand or wallv upon all 
fours, the liind-]iiid.)s beving capable of sup[)()rtiiig the body in 
the ordinary way. 

In many respc3cis, these animals arc closely allied with the 
Hears ; and l:)y no part of their organization is tliis more clearly 
shown than l)y tlie slciil], wlihii in its general form, its large 
supra«03‘bital proc.*css{.\s, tlie small and rugged India tympani^ 
the perforation of the alisphenoid by a canal, and tlic presence 
of a crest on the inner surface of the r)ari('tals, is ('xircmelv 
ursine. 

2. The dVkdiechldjv^ or Walrus(*s, are dev'old of exieiiial 
ears, but rf'smiiblo the Otarid<B in tlnur mode of standing and 
walking. Tlie skull resembles that of the Hoar in llie same 
respects, but the muzzle is distorted by t lu^ enormous develop- 
ment of tlie superior canines. The Walrns(3s resemble tlie 
iiearsdn another point, namely, in the presence of a vSupplc- 
ineiitary bronchus ; the right bronchus, b(?forc it reaches the 
lung, dividing into Uvo ti*iinks, a large and a small. Tlie tliy- 
roid cartilag(> is d(3oply excavated, in front, by a triangular 
fissnre ; and the epiglottis is extremely small. 

In the brain, the remarkalily largt* and richly convoluted 
hemispheres cover the? cerebellum, and jn'eseut a rndimf'ntary 
jiosterior cornu. Tlie anien'ior commissure is very small, as 
are the ollactory nerves. 

The dentition of the Walrus is extnmiely peculiar. In the 
adult, there is one simple conical tootli in the outer part of the 
preiiiaxilla, followetl by a huge tusk-like canine, and three, 
short, simple-fanged teeth. Sometimes, two otlier teeth, 
whicli soon fall out, lie behind these, on each side of the upjDer 
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jaw, la tlie inandible there arc uo incisors, but a single short 
canine is followed by three, similar, simple teeth, and by one 
other, which is caducous. 

The dental fonnnla is there ion? /. - : J c, ’ f jx ni, m, ^7^ 
4 - 2 L 

3.^ The JPhocuIcej or ordinary Seals. — TI jc pinna is alto- 
gether absent. The hind-limbs arc x^^'^nmnently stretched 
out, })arallel Avith the tail; and, consequently, they are unable 
to support the body, or assist in locomotion on land. 

The space betwt^en the orbits is evirtanely narrow, and 
supra-orbital processes are absent. The bidla tymp(inl is very 
large and thiclc-Avalled ; and tluA middle are much shorter than 
the outer digits of the j)es. 

The common Seal ( Vhoca vUuVna) is a native and acces- 
sible member of this gronj). It has a rounded head and a 
neck Avhicli is well marked, thougli sfiort<'r in j)roportion than 
that of the Eared-soals. Tlie nasal a])t‘rtur('s an? slit-like and 
can be closed at wrill, the eyes large and l)ril]iant, a fid the 
auditory apertures small and devoid of a jiiuna. 'I'lie limbs 
are largo, anfl their distal longer tlian tlu?ir |>r()xlmal divis- 
ions. The fore-limb is buried l)<?yond the elbow in the com- 
mon integument, but the flexible wrist allows the w(?ight of 
the body to be supported ly tin? palmar surface of the manns. 
The hind-limbs, on the cojitrary, are [)c?iMmincntly extended 
and turned baokward j>Lira]lel with the tail, which lies between 
them, and with which tli(?y form a sort of t(?rmiual fin. When 
the Seal swims, in fact, the fore-limbs an? a[)|)lied against the 
sides of the thorax, and, the liindor inoiel y of th(? body being 
Amry flexible, the conjoineii liind-limbs and tail are x>iit to the 
same use as tlic caudal fin of a Octace.in. Tin? Seal has t\V<?nty 
dorso-lumbar Am.rtebne, of Avhich live? are lumliar, 'lliere are 
four sacral vertebne, but only one of tliese unites with the ilia. 
Eleven vertebra? enter into the forma tinn of tlie short tail. 
There are ten true ribs and nine sternebne, the manubrium 
being prolonged forward into a long cartilaginous |>n:)cc?ss. 

The brain-case is srnr>oth, rounded, and spacious, but tlie 
cranium narroAv^s rajiidly in the interorbital region. Its floor 
is remarkably flattened from above doAvnward and V(?ry thin, 
the broad basi-occif^ital sometimes presenting a [)erforati<^M in 
the dry sk nil. The falx is j^artially, and the tentorium is wholly, 
ossified. The occipital segment is A^ery large, and the supra- 
occipital advances between the parietals, but does not separate 
them comjdetely. The alisphenoids are small and almost hori- 
16 
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zontal, and tlie synchondrosis between the basisphenoid and 
presphenoid persists. In all these I’cspects the Seal’s skull is 
strikingly cetacean. In thct, if the supra-orbitai processes 
were sawn off, a Porpoise’s bniin-casc would closely resemble 
a Seal’s, But tlic nasal bones and the parietals are large, and 
the ethmoidal n^gioii is very peculiar. The Imrvina perpen- 
dlmdaris is largely (ossified, and the vomer soon becomes ossi- 
fied into one mass witli it. The two etlimoidal turbinals (or 
the su]ierior and middle) arc small and tlattened, and the lat- 
ter anchyloses witli the vomer on each side. The inferior, or 
maxillary, tiirlhnal is extremely large and complicated, and it 
blocks the nasal passage in front of the otliora like a sieve, or 
strainer. There is no lachrymal hone, but the jugal is large. 
The s(|naniosal is aneliylosed with tlic periotic and tympanic. 
The latter is massive and shell-sliapefl, somewhat as in the 
Cetacea^ but it has rather difTcrent relations to the auditory 
meatus. Tlic j)eriotic is very large, and its tumid pars 77ias^ 
toidea appears largely on the exteri<w of tiie skull. The fossa 
under the superior vortical semicircular canal is prolonged into 
this tumid jmrt of the ])eriotic. 

Th(i alvciolar portions of tlie premaxilhc are very small, but 
these bones extend fur up the sides of the anterior iiaT'Cs. 
The maxillm flo mU extend over the Irontals, Tlie mandible 
has a well-developed coronoid process. 

The pollex is the longest and strongest digit, the others 
gradually decreasing’ in lengtli. The fifth metacarpal articu- 
lates with the cuneiform bone, as well as with the unciform. 

The ilium is short, and the long pubis and ischium are 
greatly inclined backward, so that the long diameter of the os 
innoininatum makt?s only an acute angle wit h the spine. The * 
femur is much shorter tlian the humerus. The tibia and fibula 
are anchylosed, and more than twice as long as the femur. 
The pes is longer than tlic tibia. Tlie astragalus lias a pecul- 
iar, roof-shaxicd, libial surface, and sends a XJrocess backward ^ 
wliich contributes to tlic formation of the very short heel. 
The hallux is the strongest of tlie digits ; while this and the 
fifth digit are the longest of those of the pes. 

The cutaneous inuschj is largely developed and inserted 
into tlie humerus. The peetoralis mrrjor is very large, and 
arises from each side of the prolonged rnaimbrium, and even 
in front of it, beneath the neck ; the fibres of the muscles of 
opposite sides are continuous. The palmaria longits is a strong 
muscle, but the proper digital muscles are weak or absent, as 
in the case of the abductor^ adductor^ jhxor brevis^ and opjyo* 
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nens of the fifth digit. A special long abductor of this digit, 
however, passes from the olecranon to the distal phalanx. The 
iliaciis is waiitiiig, and there is no psoas major ; but muscles 
which represent the minoriiiui the subvertebral luiiscJes 

of the Ceta.cea, are very large and ]>la,y an important part in 
etfecting the locomotion of the Seal. The is very 

small, and tlio other adductors are insert(Hl, not into the lemur, 
but into the tibia. The (jlutimis maximiis is inserted into the 
W'hole length of the fciniii’. Tlie x^etru~m<!)yihranosi(s and semi^ 
tendinOxUis are replaced by a C(.rud()4Ud(dL^^ which arises from 
the anterior candai vortebrte and is inserted into tlie tibia, 
some of its tendinous fibres extending to tbe plantar aspect 
of the hallux. Tbe popldtans and ^jaMro<oieraius arc strong, 
but there is no solwus. The tendon of the plantar is passes 
over the calcancum and ends on the plantar I'ascia of tlie por- 
forateii tendon of the fourth digit. The other jierforated ten- 
dons seinn to arise from the fascia attaclurd to tlm cah-aneuin. 

The dental formula is L c, j in pan, = 34. 

The grinding teeth liave triangular crow ns with notched 
edges, and at most two fangs. 

The niilk-teidh are shed during iVetal life, and at tins 
period there are three molars above and liclovv on caeh siih?, 
wdiieh apfiear to bo replaced liy the second, third, and fourth 
of the adult set. If such be the case, only tlie liindenuost of 
these last will bo a true molar. 

The tongue is bifid at the extremity. The ccsophagus, 
very wide and dilatable, passes without any veny well-marked 
line of demarcation into the stoniacl), whidi is a great pyri- 
form sac with its pyloric end hent upon itself. The intestine 
is about t\yelv(? tinnis as long as the l>ody. Tlie colon is 
short, and is provided with a ciecurn. Tlie liver is divided 
into a great number of loliules, which are, as it were, set upon 
the inferior cava. The latter vessel, just below tbe diaphragm, 
presents a great dilatation, into wdiich tlie ve/af^ hepatlccB of 
the sov(^ral lobules open. Attm* Iravi'ising tin? diaphragm, 
the vena cava is surrounded, for about an inch, b^’ a layer of 
red circular muscular fibres. The aorta and the pulmonary 
artery are both dilated at tlieir comnieneemenis. 

The penis of the male is contained within a prepuce, sup- 
ported by a loop of the cutaneous muscle. There is a large 
os penis, which presents a groove for the ui’ethra inferiorly. 
The prostate is small, and there are no vesicuhe nor Cowper’s 
glands. The testes lie just outside tlie inguinal canal. The 
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anus and the vulva of the female are surrounded by a common 
fold of inte;^nm<3nt. The clitoris has no bone. The body of 
the uterus is divided by a longitudinal septum. 

II, The JProbosGidea , — These are massive animals, walking 
upon lh(3 extremities of the five toes, with which each foot is 
provided, and upon a great tegumentary cushion which unites 
these, and forms a fiat sole behind them. 



The nose is prolonged into a flexible proboscis, which is at 
once a strong, and a delicate, organ of prehension. The hairy 
covering is scanty in the recent species ; but there were abun- 
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dant long hair, and an undercoat of wool, in at least one 
extinct Proboscidean, the Mammoth [liJlcphas primigeiiim)^ 
which ranged over Northern Europe and Asia during the gla- 
cial epoch. The pinna of tliecar is large and flat. The testes 
of the male remain in the abdomen, and the mammae of the 
female are placed Between the fore-limbs. 

The dorso-lumbar vertebrae amount to as many as twenty- 
three, and not more than three of these arc lumbar, so that the 
dorsal region is, proportionally, exc(M*diiigly long. There are 
four sacral vertebra', followed by a comparatively sljort tail. The 
centra of the vertebne are far more flatttajed, from before 
backward, than those of any other terrestrial mammal, and 
this is particularly the case in the cervical region, whence it 
follows tliat the ncuik is extremely short. 

TliO skull is enormous, even in proportion to the body, its 
size arising, in gn^at measure, from tlie d(n'elo|)ment of air cav- 
ities in tlic diploe. The interspace bet^^'een tlie inner and the 
outer tables of tlic skull is often, in an old cle])bant, consider- 
ably greater than the diameter of the cerebral caA'ity itself. 
The cranial cavity is elong*atcd and subeylindricid. The sii2)ra- 
occipital rises far upon tlie roof of the skull, so tliat the pa]'i- 
etiils are itiucii narrower at the sagittal suture than elsewhere. 
The premaxilla^ are very large, ami the nasal bones short, the 
nasal passages being nearly vertical. Tlie jugal bone forms 
only the middle part of tlie jugrd arcade. The rami of the 
mandible have a high perpendicular portion, and tliey are 
largely anchyloscd at the symphysis, which is produced into a 
sort of spout. 

The acromion of tlie scapula has a recurved process, such 
as is frequently found in the l^odents, to which order the JP/’O- 
hoscldea present mjmy curious approximations. Tlicre are 
no clavicles. In the antebrachium, the radius is permanently 
fixed (though not anchylosed) in the prone position, crossing 
the ulna obliquely. Tlie carpal and metacarpal bones, and 
the phalanges, are remarkable for their short and thick form, 
and the inanus is larger than the pcs. 

The ilia are immensely expanded transversely. The femur, 
which is not connected by anv round lio-ameiit to the acetabu- 
him, is relatively long and slender; and, when the animal is 
at rest, is directed perpendicularly to the axis of the trunk, 
hot bent up, so as to form an acute angle with that axis, as it 
is in ordinary quadrupeds. Tlie ham consequently occupies 
the middle of the length of the hinddeg ; the flexion of which, 
at this point, when the animal walks, gives an elephant a gait 
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which is strikingly different from that of other quadrupeds. 
The tibia is rehiti\'ely short. The fibula is distinct and com- 
plete, and tlie bones of the j)es have the same broad and short 
form as those of the inanus. Tlie hallux has only a single 
phalanx in some species. 

Tlui I^rohoscidea have only two kinds of teeth, incisors and 
molars, canines being entirely absent. The incisors are com- 
posed of dentine and cement, with or without a longitudinal 
belt of (mainel, and, in the recent Elephants, are developed 
only in the upper javv^. As their growth continues for a long 
period, or throughout life, they usually take the form of long 
tusks, which project on each side of the upper jaw. The 
molar teeth are composed of dentine, enamel, and cement, and 
their crowns, when unworn, arc always ridged, the ridges very 
often being made up of distinct tubercles. The intervals be- 
tween tin; ridges are sometimes, as in the Asiati<3 Elephant, 
exceedingly def‘p, narrow, and eom]>lcteJy filled up with 
cement; or, as in the African Ehqdiant, they may lx? shallow 
and open, the cement forming only a thin coat. In the*, recent 
Elephants, only the two incisors aie preceded by milk-teeth. 
'ITie molars ai e, altogether, six on each sid(% fibovo and below ; 
they come into place and use successively, the hinder ones 
moving forward, in proportion as the anterior ones are worn 
down by the attrii ion of those which are opposed to them. 

The stomach is sim|)l(‘. and elongated, and there is a very 
wide cmcLini, The trilobed liv’cr has no gall-bladder. The 
lieart has two aiil.ori(w cavtc. 

The cerebellum is left uncovered by the cerebral hemi- 
spheres ; which, in tlio existing Elephants, an? large, and have 
greaily-convolutod surfaces. 

The male reproductive organs exhibit two very large ve- 
sicuUe sominalcs, and four prostates. 'l!’hc literals of the female 
has two cornua. 

Some, if riot all, species of ilie extinct genus Jfasfodoi 
were provided witli a pair of short tusks in lire mandible, in 
addition to the large ones in th(^ premaxilhn. And in some of 
these animals, as in certain other extinct Elephants, the an- 
terior grinding teetli had v(rrtical successors. The Miocene 
genus, IJlnotherlura^ po.ssessod two larg(^, downwardly-direct- 
ed tusks, one on each side of llie sympliysis of tlie mandible, 
while there were none in the upper jaw. The se<:*prid and the 
third anterior grinding teeth had vertical siu^ccssors. 

The Prohoscidea are, at present, restricted to Asia and 
Africa, where they are represented by two very distinct forms. 
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to wliioh the names of Xoavjrfon Afrlcamis) and liluelephas 
(jK Ihdiciis) proposed by tfio late Dr. Falconer may be very 
properly applied. The oldest rocks in which their remains 
occur are of Miocene age. Fossil remains of elephants occur 
not only in the Old World, but also in both North and South 
America. 

III. The Ilyracoidea . — ^Tlie g(nnis llyrax^ which is the 
sole inem!)er of this group, was referred by Fallas to the Ro- 
dents ; and by Cuvier, who domoiistrated that it could not be a 
Rodent, it was placed among the Unyidata^ in the immediate 
neighborhood oi llhinoeeros^ witlioiit any better eviclenco tlian 
that alFordod by the characters of tlio molar iecih. Frof. 
Brandt, of St. I^etersburg, in an cilal)f>ratc memoir just pub- 
lished, arrives at tlic conclusion tliat it is a gliriform Ungu- 
late,” intermediate, in a c<n-taia sense, between the Ilodents 
and the (Triyulata; but, still, more Ungulate than Rodent. It 
appears to me to be neither Ungulate nor Rodent, but the 
type of a distinct order, in many I’espects intermediate be- 
tween the ZTriyidata^ on the one hand, and Ilodentla and Tn- 
sect iv ora ^ on tlie other. 

Tlie simdl, Rabbit-like, animals comprised in the genus 
Ilyrax are plantigrade, and lu-ovided with four visible toes in 
front and three behind. The nails are not hoof-like, but 
nearly Hat, except the innermost of the Ijind-foot, w.hicli is 
peculiarly curved. Tlio body is covered with fur, and the 
iracfflcy or snout, is split, as in the Rodents. There is a jKm- 
duloiis penis, but no scrotum ; and there arc four inguinal and 
two axillary teats. 

Tlicre are from twenty-nine to thirly-onc dorso-lumbar 
vertebne, which is the greatest nnmber known in any terres- 
trial mammal. Tweniv-one or twenty-two of tliese are dorsal. 
No mammal, except Cliol(jcpus^ the two-toed Sloth, possesses 
so large a number of dorsal Amrtel)ra? as this. The. transverse 
processes of the last lumbar vertebra articulate with the 
sacrum, as is the case in many Ungulate Mammals. In the 
skull, the post-orbital jirooesses, which are chitdiy furnished by 
the parietal and the jugal, neaily meet. Fart of the articular 
facet for the inandiblo is formed by the jugal, which extends 
forward until it comes into contact Avilh the lachrymal bone. 
The base of the external pterygoid process is perforated by a 
canal, as in l^erlssodactyla and Jjemiiridtc, Tliore are large 
pro- and p'osl-tyrn panic processes, and tlie posi-tyrnpanic is 
much shorter than the par-occi]iital pro(;ess. The p re max iliac 
are large, and unite extensively with the nasal bones; the 
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pcrpcTulicuIar ramus of the mandible is very wide, and some* 
what like tliat of tlie Tapir in shape. The posterior margin 
of the bony palate is opposite the anterior edge of the last 
molar tooth. 

The scapula is devoid of an acromion process, as in the 
l\rlssodactyla. Tliere are no clavicles, but the coracoid pro- 
cess is well developed. The ulna is complete, and a rudiment 
of the pollcx is present. In the carpus, a line prolonging the 
axis of the third mctacar])al bisects the os mag man and the 
liuiare^ which is not the case in any Ungulate Mammal, 

In the hind-limb, the femur possesses a small third tro- 
chanter, whi(‘h is not ii(‘arly so conspicuous as in some Ito- 
dents. The tibia and fibula arc compleU'. The extremity of 
the inner malleolus articulates Avith a shelf-like proct^ss of the 
astragalus, the distal fac€i of which bone has no facet for the 
cuboid. HIio digits i. and i). arc not represented ev(^n by riidi- 
ments. The terminal phalanx of iL is longitudinally cleft. 

Tlio dentition of the adult is L 
m, Tlie outer ii])p(w iiunsors are very small, and soom 

fall out; the inM(?r, Avhich are very largo, curved, and liavc a 
thick coat of ciiaim)! on their anterior faces, continue to grow 
throughout life, as in Kodents, TIk', lower incisors have 
crowns denticulated at tlui edg(3S, like those of GaleopHhecns 
and some Bats. They bite upon a callous ])ad Avhich lies be- 
iuTid the upper incisors. The patterns of the upper and lower 
molar teeih are Auny similar to those of the corrc'sponding 
teeth in Hhhtoceros, As in the Horse, part of the Eustachian 
tube is dilated into a thin-Avalled sac extending on tlu3 inner 
side of tlie hulla tympani from the pterygoid processes to the 
exit of the nintli nerve. 

A slight constriction niarks olT the cardiac from tlie pyloric 
division of the stomach. The cardiac portion is lined by a 
dense epithelium. Tlic intestine is provided Avith three caH3a 
— one in the ordinary position, and two placed much lower 
down on the colon, opjiosite one another, and terminating by 
pointed ends. Tliere is no gall-bladder. The ureters open, 
not near the neck of the blad<ler as in Mammals generally, but 
near tlie fundus, as in some few Rodents. 

The male lias vesleulm semtnales^ prostalic and Covvpcrian 
glands. The uterus is two homed, and the vuh'a and anus are 
surrounded by a common fold of integument. 

In the foetus the yelk-sac and the vitello-intestinal duct 
^arly disappear. The amnion is not vascular. The allantois 
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spreads over tlie interior of the chorion, and gives rise to the 
broad zonc-like placenta, which is composed of both maternal 
and foetal parts. The maternal vessels pass straight through 
the thickness of the placenta toward its fcetal surface, on 
which they anastomose, forming meshes, through which the 
vessels of the fotus pass toward the uiorine surface of the 
placenta. 

The species of tlie g(‘ims lTi/7*ax are found only in Syria 
and Africa. No fossil llyracoldea are known. 

The Discoioea. — The Mammalia with discoidal placentm 
are the Rodentla^ tlic (Jhelroyytera^ the InsGCtlvora^ and the 
Primates, 

1. The RoT)E7!sTrA. — This largo group of Mammalia is most 
definitely characterized by its dentition. There are no canines, 
and the mandible never contains more than two incisors, which 
are placed one on cacli side of the symphysis, and continue to 
‘ grow throughout life. Tlicy are coated with enamel much 
more thickly upon their front surfaces than elsewhere ; so 
tliat by attrition they acquire and retain a (histd-shaped edge, 
the enamel in front wearing away less ra|)idly tljan tlie rcjst 
of the tooth. 

With the exception of one group of Rodents, tliere arc only 
two teeth in the premaxilUe ; and tlieso liave the Staine char- 
acters as tlio imasors of the mandible. The Lagonayrpha,^ or 
Hares and Rabbits, liow(W'cr, Ijavo a second pair of incisors 
of small size, beliind tlic first, in tlic upper jaw. The molars 
are from two to six in number, in each half of the upper jaw, 
and two to five, in the low^or jaw\ They consist of enamel, 
dentine, and cement, and their crownis may be tuberculate or 
laminate in pattern. Sometimes tiiey form roots, but, in other 
cases, tliey grow^ tliroughout life. Where there are more than 
three grinding-teeth, tlie one w hich jirecedes the three hinder- 
most lias displaced a milk-tooth; but, w'hero the grinding- 
teeth are fewer than three, or only thre<?, none of tliem dis- 
place a milk-tooth. Even wdion milk-teeth exist they may 
be shed before birtli, as in the Guinea-pig. 

The premaxillary bones are ahvays largo, and the orbits 
are never shut off by bone from the temporal fossa. Very 
generally, the condyle of the mandible is elongated from be- 
fore backw^ard. 

With the exception of one group, the Dormice {3Iyoxm€B)^ 
all Rodents have a large caecum. 

The cerebral hemispheres leave the cerebellum largely 
ancovered, when the brain is viewed from above. They are 
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either smooth externally, or very moderately convoluted. 
The corpus callosum is well developed, 

Willi tlie exceptions noted, the foregohii^ characters are 
universal among the Jlodentla. There are other pecaliarities 
which are generally present, and, wlieri thej'- exist, are very 
characteristic, though tiiey are not univ’^ersal. 

Tims the dorso-lumbar veriebrm are usually nineteen in 
number. There is a large interparietal ossiiication. The 
jugal boii(3 is comparatively short, and occujrics only the mid- 
dle of the zygotiiatic arch. 

Tlio clavicles are very generally present; tliougli ^YhoIly 
absent, in some genera, as, for example, the Guinea-pig, 
(Cavla). Tli(^ acromion commonly sends a process backward 
over tlic: infra-spinous fossa. There is a ninth bone in tlie car- 
pus intercalated between tlie proximal and the distal series. 
The digits are five, nngailate, and provided, with small claws. 

There is a bone in the penis. The testes do not leave the 
abdomen, but come down into the groin in the breeding-sea- 
son, Vcsiculie sominales and prostatic glands are present. 
In the female the u terns is, in many genera, completely di- 
vided into t^v'o cornua, each ol' which opens separately into 
the vagina ; but, in tli(3 rest, the cornua unite into a corpus 
uteri. 

Some genera depart widely fnirn the rest in particular 
points; for example, in the Por(Mi|)iues, the hairs on the dor- 
sal region of the body are very mucli enlarged, Mcrjulre a pe- 
culiar xStructure, aiui foj’me<l the so-calhal quills.” Some of 
the Porcupines have prehensile tails. 

In Gaoia and TL^drochmrus the toes are reduced to tliree, 
and tlie nails have almost put on the character of hoofs. 

The Hquirrols liave the short polhix almost op]:>osable. 

Tlio ftmiur in som(3 Uodents has a well-developed third 
trochanter ; and in Dipus^ the Jerboa, tlio long metatarsals 
become ancliylosed together into a cannon-bone. 

In the Porcupines, the suborbital foramen is enormous, 
and an anterior fasciculus of tlic masseter muscle arises froui 
the maxilla, and traverses thp foramen to its insertion. 

The Harnstt^r ( Grieetus^ has great clieok-pouches, ])rovided 
with special retractor muscles connected ^vith the spines of 
two lumbar vertebne. 

In some genera, the stomach, Avliich is usually simple, tends 
to become complex. Thus tlie cardiac division of the stomach 
of the Beaver is. provided witli a special glandular mass. The 
cardiac end of the oesopliagus of the Dormouse is glandular 
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and dilated like the proventimduH of a bird. And, inATmcola^ 
tlie stomacli becomes deeply constricted, and a groove leads 
from the oesopliagus toward the pyloric cud, reminding one 
of certain uA.rUodactyla, 

In some few genera, the ureters open into the fundus of 
the bladder, or near it. 

Altliough tlicj genera and spec-ies of the ItodenUa are 
more numerous than those of any other mammalian onlcr ; 
and although they arc adapted to very diiTcreat modes of life- 
some, like the ‘‘Flying Squirrels,” lloating through the air by 
means of a parachute-like expansion of the iniegunicnt be- 
tween the fore- and hind-limbs; oiluirs being arboreal, like the 
ordinary Srpiirrels ; or among the swiftest of runners, as the 
Haros ; or strong burnnvors, as the mole-like Ji(Uhyerf/us / 
or aquatic, like tlio Watcr-vo](? — their slriu*tural ditlercnces 
are comparatively insig*uilic«ant, and the subdivision of the 
order into largo groups is proptnlionalcly ditricult. 

llrandt has divided the ilodonts ac(*ording* to their cranial 
characters into S(ymro'm{>}pha^ Myorriorpha^ JJystrieomorplia^ 
and TjacfomorpJia ; or, Squirrels, Ihits, IVjrcupines, and Conics, 
if we use these English names in a broarl iitid tribal sense. 

The student will hud the j.iab]>ii, one of the L^u/oniorpha^ 
to be a conveiiiently-sized and easily-obtained subject for study. 
The following are tlu^ most important points to be noted in 
its structure : The hairy covering of the })ody oxteuds over 
tlio palmar and plantar regions of tl)(? feet, and into the interior 
of the inoutli, so that tliere is a band of hair on the inside of 
each cheek. There are live digits on the fore-foot, or iiiaaus ; 
but the pollex is smaller than tlie others. The p('s has only 
four digits, and the Iiind-limb is longer tlian the fore-limb. 
The upper lip is large, Ihixible, and cl(‘ft in the middle line; 
the large eyes are })rovi(led with a tlhrd e^^elid, and the pinme 
of the ears are Yory long and mobile. The tail is short and 
recurved. The male has a recurved penis, and on each side 
of it a wserotal sac. The female has five \rdiY of abdominal teats. 
In both sexes perineal glands arc present, consisting of a 
saccular involution of the integument with rugose walls, into 
which the duct of a special glaml lodged at tlic side of tlie 
penis, or of the clitoris, opens. 

There are nineteen dorso-hmibar vertebne, of wduch tw^fdve 
are dorsal. Of the four sacral vertt'hrie only the first unites 
with the ilia. The dorsal vertebne have well-developed spinous 
and transverse processes. At about the eighth, a mammillary 
processj or metap02^hysL% becomes obvious ; and in the succeed- 
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ing vcrlobni3 this increases in length and strength, till in the 
lumbar region it becomes as long as the spinous process. In 
the last lumbar, it is short, and in the sacrum it is obsolete, 
but it is traceable through the series of tlie anterior caudal 
vertcbjm. Accessory processes, <^r anajHyphysei^^ arc observa- 
ble in the last dorsal and four or five anterior lumbar vertebnn. 
The trail svcrsi^ processes of the lumbar vcrtebrce are exceed- 
ingly long, and that of tlie first lumbar is bifurcated at its ex- 
tnanity. These transverse^ processes give attaclinient above, 
to the and below, to the psoas major^ both 

which muscles are very large; while the heads of the longis- 
simiis dorsi are attached to the long metapophyses. The great 
mass of these extensor and flexor muscles of the spine, and 
the leverage aflbrdixl by the mode of their at tachment to the 
long pro(x\sses of th(3 vortebne, would seem to be lelated to 
tlie leaping and scratching movemenis of the Kabblt, Strong 
median proca^sses are develota^d from the ventral fa(‘es of the 
centra of tlie three anterior lumbar veriobim ; th(>se give attach- 
ment to the crura of tlie diaphragm. 

The tubercles of Hk? second to tlie eiglith ribs inclusively 
are piolonged into spiniform processes, wlncdi give attachineut 
to th(i tendons of the lo'Hf/isshm(S dorsi. There are five ster- 
nebra? and a long xijihoid process. The manubrium is long, 
narrow, deep, and Iveeled inieriorly. 

In the skull, the great supra-orbital processes of the fronted 
arc to 1 x 3 noted. The presphenoid is liigli and greatly com- 
pressed from side to skh', so as to form a thin septum between 
tlie orbits, and the optic foramina run iiito one, as in some 
Seals. The tympanic and the periotic are anehylosed together, 
luit remain distinct from the adjacent bones, and are merely 
ludd in position by abutting against tlie basi-sph(inoid on the 
inner side and liy the post-tympanic hook of the squamosal on 
the outside. The tympanic is prolonged upward and outward 
into a tubular meatus. The glenoid cavity is elongated from 
before backward. The suture between the jugal and the 
maxillary becomes obliterated, and iliere is no orbital process 
given olF from the zygoma. A considerable extent of the 
outer wall of the maxilla remains incompletely ossified. The 
premaxilla is extremely largo and trifurcated. 

The ascending portion of the ramus of the mandible is long, 
and the. coronoid process well developed. The long axis of 
the condyle is antero-posterior, and the angular process has a 
slight inward projection. In the palate, the prepalatine, or 
incisive foramina are enormous; and partly in consequence of 
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this, partly by the ’posterior excavation of the palatal plate of 
the palatine, the roof of the palate is reduced to little more 
than a transverse bar of bone. 

The scapula is long' and narro\r, and the backward process, 
of the acromion, to which reh^rence has already been made, 
gives attachment to a slip of the tmpezms. A l^ony clavicle 
is present, but it is incomplete at both ends. There is a supra- 
condyloid foramen in the humerus. The radius and ulna arc 
complete, but are fixed in the attitude of pronation. 

The femur has a small third trocliantcr. The tibia and 
fibula are anchylosed. The internal cuneiform bone is want- 
ing, and the plantar surface of the namculare gives olT a largo 
process. The inner side of the base of the seiiond metatarsal 
sends a process along the inner face of the moso-ciineiform to 
articulate with the naviculare. This may represent a rudiment 
of the hallux with the erito-cuneiform. 

In the myology of the Rabbit the vast size of the flexors 
and extensors of the l>ack has already been noted. The mus- 
cles moving the fore- and especially the hind-limbs, and the 
mas\s^ef,er, are not less remarkable for their dimensions. In the 
fore-limb, the sffpinator lonr/us is absent. The; cMensor indicts 
and seeimdi Internodli poll teis form one muscle. The extetisor 
minimi dlgltl goes to the fourth and liCth digits. 'T\\e flexor 
perforans and the flexor polllcis longits unite in a cominou 
tendon which divides into live slips, one for each digit. There 
arc throe liimbricalcs from tlic radial sides of the tendons for 
the third, fourth, and fifth digits. flexor suhlimis^ or 

foratus^ for digits and arises from the inner con- 

dyle as usual; but that for the fifth digit S]>rings from the 
pisiform bone — thus simulating the .ordinary arrangement of 
the perforated flexor in the pes. There is no pronator qua dr 
ralics / but the jml mar is longus is distinct, and its slender ten- 
don expands into the palmar aponiiurosis. Each digit, except 
the pollex, has a pair o^fl■exores breves^ oi intcrossei^ which lie 
on the palmar faces of the metacarpal I)oncs. 

In the hind-limb, the soleus has only a fibular origin. The 
plantaris is very large and eiisheathed in the gastrocnemius/ 
it ends in a tendon nearly as large as the tendo AcJdllis^ 
which passes over the end of the calcaiieum, being connected 
with tills and the tendo jiehillis by a strong fascia laterally, 
but being otherwise separated from it by a synovial sac. In 
he sole of the foot it divides into four tendons, which be- 
come- the peifo rated tendons of the four digits. The flexor 
perforans and flexor hallucis are fused into one muscle, the 
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tendon of wiiicli divides in the sole into tlie four perforating 
tendons. There arc three lumbricales, and four pair of inter^ 
omd {Jlcxorm hreves). There is no proper tibialis posticus^ 
but a muscle arises from tlie upi^er part of the inner face of 
the tibia, internal to, and in front of, the insertion of the pbj> 
lita-iis, becomes tendinous about the middle of the leg, passes 
l^ehind the inner malleolus, and nms along the inner and dor- 
sal asjx^ct of the second metatarsal to be inserted into tlie ex- 
tensor tendons. It seems to stand in the same relation to the 
second digit as ilu^ pe'ro?mus quinti^ on tlie opposite side of 
the pes, to the fifth digit. The peronceus /on// e/5 is inserted 
into the base of the second metatarsal: a per onmus brevis^ p, 
qnarti^ and j). qulnti are present. There is no extensor 

/laihicis lonqus^ nor any extensor brevis cUgltorimK 

The principal eliaracters of the brain of the Ral)bit have 
already been descri()(*d {see p. 60, and Figs. 21 and 22). 
There is a. single large corpus manmiillare. Of the corpora 
qimdrUjemina^ tlie nates are larger than tlici testes. There is 
a very large and completely-exposed floccnlus, and the vermis 
is large, in pi*oj)ortioii to tlie lateral lobes of the cerebellum. 
The corpora trapexoklea arc^ well marked. 

The mernhrana nictitmis is very largo, has a convex free 
edge, and contains a triangular cartilage. There are no 
pmneta lach.rymaUa^ bnt a (crescentic aperture leads into the 
lachrymal canal, large lachrymal gland lies above and 

external to the (weball, aTi<l there is a well-developed Harde- 
rian gland on its lower and inner side. 

The dcmtal formula is ?*. ^-2 

'ITic lower, and the inner upper, incisors are very large and 
loiig; tlK?y glow continuously from persistent pulps, and they 
an- coated witli onaiiKd only in front, so that wear keeps them 
constantly sharp. The second ])air of small incisors exists 
otily in the uppe^r jaw. A great diastema separates the inci- 
sors from th(‘. first ))remolar above and below. The grinding- 
teeth all grow fr<nn persistent pulps, and do not form fangs; 
they^ have transversely-ridged crowns, tlie patterns of which 
are very similar throngliout, the first and the last only pre- 
senting some difiVT(m(:(\s. The young Rabbit lias three inci- 
sors and three milk-molars on each side, in the upper jaw. In 
tlie loAver jaw, tliere are only two milk-molars on each side. 

Tlie stomach is simple, and tliere is a large cascum. Spe- 
cial glands pour tlieir secretions at the side of the anus. 

The pancreas is very large, and its duct enters the intes- 
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tine nearly a foot from the pylorus, and far distant from the 
biliary duct. 

There are two anterior cavtie; and the external jugular 
vein is very much larger than the internal. 

In the male, the ingaiinal canal rf^rnains permanently open, 
and there, is a large uterus masculinus. In the female, the 
uteri arc quite separate, and each opens lay a distinct os tincm 
into tlie vagina. 

The distribution of iho, lloderttld is almost world-wide, 
Madagascar being the only cousiderable island iu whicli indi- 
genous Rodents utX3 unknown. The Austro-Columbian prov- 
ince may be regarded as tlie headquarters of tlio group. 

Remains of Rodents have been found, in the fossil state, 
as far back as the eocene formation, 

II, The liYSECTrvoKA. — It is exceedingly ditllcult to give 
an absolute definition of this group of Mammals. But all the 
ImerMvora possess more than two incisors in the inaudible ; 
and their molar tectli, which are always coated Aviih enamel, 
have tnberculatcd crowns, and form roots. 

The fore-limbs liave the structure usual among ungui- 
culatc Mammals; and, in both limbs, the digits are jirovided 
with claws. The hallux is not opposalilc, and, like the other 
digits, it is jirovided with a claAv. 

In addition to iheso distinct ivm characters there are others 
which are met w itli in all members of the group. 

The Insectivora are, almost all, either jdaTitigrado or semi- 
plantigrade. The clavicles are completely developed in all, 
except Potamogale. The stomach is simple. The testes of 
the male are either inguinal or abdomiri.'il, and do not descend 
into a scrotum. The iVnnalc has a two-horned uterus. 

The cerebral hcmisplKTos loav(^ the Cfa’ol)f.'llum uncovered, 
in the upper view of tlio brain ; and are almost, or wholly, 
devoid of sulci and gyri. The corpus callosum is sometime^ 
exceedingly short. 

No lascctivore attains a large size, and some, such as the 
Shrew Mice, are the smallest of the 3Iamm.alia. 

The Insectwora. presemt a gi*eat dh^ersity of organization, 
the common Hedgehog being an almost central form. The 
Shrew's tend tow^ard the Modentia^ the Tiipaya^ toward the 
Lemurs* while the Moles, on the one liand, and the Oaleo- 
pithed on the other, are aberrant modifications. Relations of 
a more general character connect them with the Carnivora 
and the Ungulata^ 
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The Hcflgehog* {Erinaceiis Europocm) is peutadactyle and 
plantigrade. It has a long flexible snout. Tho eyes are 
small; the piTHia3 of the ears are rounded, and the integument 
linirig the concha is produced into a trausx^erse, shelf-like fold. 
Tlie under surfiice of the body bears hairs of the ordinary 
kind ; but, on the dorsal aspect of tfie head and trunk, the 
hairs are converted into strong fluted spines. Tliere are 
tvvonty-one dorso-luinbar vertebnu (of which iifteen are dor- 
sal, and six lumbar), three or four sacral, and twelve to four- 
teen caudal. Accessory processes, or inetapophyses, are de- 
veloped on several of the dorso-luinbar vertebrre. The sterne- 
bric are laterally com[)ressed, except the Ynanubrium, whicli is 
broad ; and eiglit of tlio lilteen pair of ril)s are connected with 
tho sternum. 

Tlie occipital foramen is ])laced completely at the hinder 
extremity of the skull, in the lower part of the perpendicular 
occipital face of the cranium, and looks backward. There are 
largo pararnastoid processes. The glenoidal surface for the 
mandible is flattened. Tho zygoma is stout, and tho jugal 
bone is, as it were, applied upon tlie outc^r side of it. The 
orbit lias no posterior osseous boundary, Tlie lachrymal fora- 
inon lies upon tin? face. There ai'e unossifiod spaces in the 
bony jialate, and the posb'rior margins of the palate are thick- 
ened, as ill the Lemurs. The largo and biillatc tympanic bone 
does not ancliylose witli the squamosal, or the periotic, and is 
readily lost from tlie dry skull. The alispbenoid contributes 
largely to the formation of the front wall of the tympanum; 
and a large portion of the inner wall of the tympanic cavity is 
formed by a broad process of the basisphenoid, the outer and 
lower edge of which joins, by a sort of hnrmonia, with tlie 
inner and lower edire of the tympanic. 

The ascending- portion of tho ramus of tlie mandible is 
short, and the angle is slightly inflected. The two rami are 
not anchylosed at the symphysis. The supra-scapular fossa is 
wider tliaii the infra-scapular. The spine is strong, and the 
acromion bifurcates, sending a prolongation backward. The 
clavicles are long and convex forward. The humerus has an 
intcrcondyloid foramen; but there is no foramen above the 
inner condyle, and this circumstance is unusual among the 
Insect Ivora, The bones of the antibrachium are fixed in the 
prone position. There is an o.s centrale in the carpus, so that 
it has nine bones. The scaphoid and liinare are anchylosed, 
as ill the Carnivora^ and the pisiform bone is much elongated. 
The pollex and the fifth digit are the shortest. 
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The pelvis is remarkably spacious. The symphysial union 
of the pubes is always small, and, sometimes, the bones remain 
separate. The subpubic arch is much rounded. The ilium is 
narrow, and a mere ridge separates the iliac fossa from the 
gluteal surface. The femur has a round ligament, and. a 
prominent ridge represents a third trochantei’. The distal 
ends of the tibia and fibula are ancliylosed together. 

One of the most notable peculiarities of the.* Hedgehog is 
its power of rolling itself up into a ball, from all sides of 
which tlie spines protrude. Tins is efrected, for the most part, 
by the contraction of the greatly-developed cutaneous muscle, 
the chief fibres of which are disposed as follows: A very 
broad band, the orbiciilaris ciuareles ilie b<idy lat> 

orally. In front, it partly arises from the nasal and frontal 
bones, and partly is the continuation of a thick mass of fibres 
which pass over the occiput. Posteriorly, each lateral division 
of the muscle spreads out into a very brojtd band, which is 
thick veutrally and thin dorsally, and adheres (foscly to the 
skill, from tlie line at which the hairy and spinigerous surfaces 
join, to near the median line of the bade. Posteriorly, the 
two lat(.*ral halvi'S of tiic oi-bicular musife pass into one an- 
other’ upon the distal half of the short tail. 

The action of this muscle W’ill di^pend upon the attitude 
of tlie animal when it contracts. If the liead and tail are fully 
extended, the orhlcularis can only diminish the dimensions of 
the spinigerous region of the skin and erect the spines. But 
if the lioad and tail be more or loss flexed, as they always are 
in the ordinary attitude of the Hedgehog, the orfncidarls will 
play the part of a powerful s])liinct(.T, approximating the 
edges of the s]jiiiigerous area tow ard tlie (^entire of the ventral 
sid(? of the body, and forcibly enfolding the trunk and limbs 
within the bag thus formed. It is, in fact, the clucf agent in 
coiling the body up, and keeping it so coiled. 

Numerous muscular bundles take a radiating direction on 
the dorsal aspect of the body, and antagonize the orhieularu: 
1. A pair of slender occiplto-frontale^ arise from the occipital 
crest, and are inserted into the integument over the frontal 
and nasal bones, 2. A pair of occlpito-orMcukircs arise frojn 
the same crest, and pass into the anterior part of tlio orhicu* 
laris, 3. A j^air of broader cervico-orhicularcs arise fronj 
the fascia of the nock, and pass to the dorsal part of the an- 
terior fourth of the 07'bkuktris. 4. Slender dorso-orblciclares 
arise close to the hinder ends of the trapezii and spread out 
above the foregoing. 5. Two stout muscles, coccygeo-orbicur 
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fern, arise from the middle caudal vertebra?, and, after re* 
celvJDg fibres from the ventral region, end in the dorsal mar- 
gins of the orbladaris. 6 . Two muscles attached to tlie 
pinnie of the ears piiss backward to the 

orhicularls on each side. 

On the ventral aspect an? certain muscles which assist the 
orhicularls : 1. Two broad muscles {sterno-faeiales) arise in 
the niiddh? line, over the anterior part of the sternum, and 
pass outward and forward to the sides of the lower jaw and 
the inti?guniont of the face and ears. Muscular slips from 
these are sent up over each shoulder to the orhicularis, 2, A 
Inirnero^thdominalis arises from each humerus beneath the in- 
sertion of tlie fiCctoraUs majo}\ and, passing backward over 
the sides of tlie abdomen, tliese become connected witli the 
ventral edges of the orbicularis. The exliaual fibres of these 
inus(*les arc (*<mtimied round the ischial regions to the coccy- 
yco-orblciiUiTls ; the internal tiln-cs pass to the jirepuce, and 
over tlie mi(J<i!c lino of the abdomen, in front of it. 3. A Inir 
mcro<lorsaUs arises from the humerus close to the foregoing, 
and, passing' upw'ard and backward through tbo axilla, spreads 
out in the mid-dorsal integument and the orbicularis. 

The contraidion of all these muscles must tend to bring 
logiher the edges of the integumentary bag, and to tuck the 
head, tail, and limbs into it. 

In the myology of tli<? limbs the following points arc note- 
^vorthy : The s'ii}mia(or louf/us^ pronator teres^ and jmlmaris 
loru/usj are absent. The ))almaHs brevis is present. A single 
muscle takes the place of the extensor secwidi internodii2'>oUi- 
cis and exteusor i/idicL% and sends a third tendon to the mid- 
dle digit. The exte?isor minimi dUjiti supplies the other two 
digits. flexor pciforans and flexor pollleis lonytis are rep- 
resented l)y live distinct muscular heads, each with a tendon 
of its own ; but all the tendons unite in tlie middle of the fore- 
arm, and the common tendem again subdivides into only four 
slips, the pollex rccidving no tendon. There are no lumhriea- 
les. The pollex has only a rudimentary flexor brevis and an 
abduct oi\ Tlie other digits have each two intei^ossei^ ov flex- 
ores breves,^ inserted into the metacarpo-phalangeal scsanioids. 

In the leg, the soUus has only a {Ibnlar head, and iha flexor 
brev is dlgiteyrmn arises wholly from the calcaneum. The flexor 
hallueis and p<?r/bra/z^ have a common tendon, which, 

in the sole, divides into five tendons, one for each digit. 
There are no lurnhicales^ nor flexor accessorius. The tibialis 
posticus to be represented by twe small muscular beV 
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lies, one of which arises from the prominent end of the tibia, 
and the other from that of the fibula. The tendons of both 
pass behind the inner malleolus, and tliat of the former mus- 
cle goes to the tibia! and plantar surface of the halliical meta- 
tarsal, while the latter is inserted into the ento-cuneiform 
bone. The mterossei are represented by a pair of Jiex- 

ores breves for each digit except the hallux. 

The adult Hedgehog has thirty-six teetli, of wliich twenty 
are in the upper, and sixteen in the lowi^r jaw. The dental 

« t . . 3*3 0-0 4-4 3-3 o/. 

formula is 2 . c, j>z« r/i. = oh. 

The grinding surface of the crowns of t!ie first an’d second 
upper molars exliibits a pattern fumlamon tally similar to that 
of the corresponding teeth in Man, tljo Anthro]KOmo7^p/ia^ and 
the majority of the Lemurs ; that is to say, tlicre are four 
cusps, and the antero-iuternal is connected with tlie postero- 
external cusp by an oblique ridge. The cusps are reina.i*kably 
sharp and pointed, and the outer surface of the posicro-ex- 
ternal one alone is somewhat inflected. 

In the lower jaw, the coiTcsponding molars are enc*h marked, 
as in most Lemurs, by tvvx) transverse ridges. In front of tlie 
anterior ridge is a basal proloug’ation of the tooth, on to whicli 
a curved ridge is continued inward and forward from the an- 
terior principal ridge, giving rise to an inip(.u'fect crescent witli 
its convexity outward. 

According to Rousseau tlujre arc twenty-four milk-loetli, 
d.m. which fall out seven weeks after birth. 

The brain of the Hedgehog is remarkable for its low or- 
ganization. Tlie olfactory lobes are singularly large, and are 
wholly uncovered by the cerebral lu‘mis[)heres ; which, oii the 
other" hand, do not extend back sufilciently far to hide any 
part of the cerebellum. Indeed, they hardly cover tlie corpora 
quadrigemina. Only a single shallow longitudinal sulcus 
marks the upper and outer surface of each hemisphere. On 
the under surface, a rounded elevation correspcuids vvdtli the 
base of each corpus striatum. liehind this, another elevation 
represents the end of the uncinab^ gyrus and the termination 
of the hippocampus ma jor ; and tliereforo answers, in a man- 
ner, to the temponil lobe. The inner face of the hcmis])herc 
presents iicither convolution nor sulcus, except behind and 
below, where a very broad depression follows the contour of 
tlie fissure of Bichat and tlie fornix, and represents the dentate 
sulcus. Above, this sulcus ends behind the posterior margin 
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of tlie corpus callosum. The latter is remarkably short, and 
directed obliquely backward and upward. It has no genu^ and 
the pre-comniissural fibres of tlie ventricular wall spread out, 
bencatii its anterior end, upon the face of the hemisphere. 
The part of the corpus callosum which answers to the lyra is 
vr^ry thick in proportion, and is incliiu^d at an acute ang-le to 
the rest. 

In a transverse section, the corpus callosum is seen to be 
very thin, and to cjurv^c upward arnl outward into the roof of 
the ventricular cavity. The inner walls of tlie lateral ven- 
tricles, which answer to the septum lucidum, are thick, while 
tlie forni:?^ is ccimparativcly thin and slender. The anterior com- 
missure is very stout. In this circaimstance, as in the small 
corpus callosum, tlie brain of the Hedgehog' closely approaclies 
that of the Didelphia and Orjiithodelphia. There is no trace 
of a posterior cornu, or calcarine lisstirc, and the lateral ven- 
tricle extends forward into the olfa(;tory lobe. The optic nerves 
arc very slender; the {Hxrpora gimundatd externa arc large and 
prominent; the nate^ arc smaller than the testes, and trans- 
versely elongated. The cercbelluni lias a large vermis and 
small lateral lobes ; Jtoceidi are prominent and arc lodged 
in Ibssiri of the periotic bones. The })ons Yarolii is very 
small ; the corpora. tr<ipezoidea proportionally large. 

The spinal cord is remarkable for its thickness, and, at the 
same time, for its brevity, as if ends in the middle of the dorsal 
region. As a consequence of this arrangement, the cauela 
equina is j)arti(mlar]y huge and long. 

The stomach is simple, but the mucous inenibraue of the 
considerable (lardiac dilatation is thrown into numerous, and 
very strong, longitudinal rugte. The intestine is about six 
times as long as the body, and presents no distinction into 
small and large ; nor is there any cjecum, Tlie liver is 
divided by deep fissures into six lobes; a central one which 
bears the gall-bladder, a bifui spigelian lobe, and, on each side 
of these, two other lobes. The pancreas is a large and 
irregularly-ramified gland; and the spleen is elongated* and 
trihedral. 

The pericardium is extremely thin. The arteries arise 
from the arch of the aorta, as in Man, by an anonyma, a left 
carotid and left sulx?lavian. The course of the internal 
carotid is remarkable. When it reaches the base of the skull 
it enters the tympanum and there divides into two branches, 
of which cue traverses the stapes, and, passing forward in a 
groove of the roof of the tympanum, enters the skull and gives 
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rise to the middle meningeal and ojilithalnuc arteries. The 
other branch pusses over tlio (‘oclileu, entei\s the skull by a 
narrow canal near tlie sella turcica^ and unites with the circle 
of Willis. 

The external jugular vein is very much more ca2:)acious 
than the internal, the latter being very Siinall and hardly 
traceable to the internal jugular foramen. It is by tht 3 oxtcTTial 
jugular vein, in fact, that tlie great mass of the blood within 
the skull is carried away, a foramen in the squamosal bone 
allowing of a free coinmunii-ation l)ctwe(*u the external 
jugular vein and the lateral sinus. Tiiero is a hd’t sn])erior 
vena cava, which winds round the base of the left auricle, 
receives the coronary vein, and o2)ens into the right auricle. 
The vascular system thus retains nainy embryonic chara(‘,ters. 

The right lung is four-lobed; the left may possess from one 
to three lobes. 

Two ossifications, one on each side of the opening for the? 
aorta, occur in the diaphragm. 

The testes of the male do not leave the cavit}^ of the 
abdomen, but they descend as far as the inner sidr^ of the in- 
guinnl ring, to which they arc connectcNl l)y a short guber- 
naculum and cremaster. The vasa deferoitia descend to tlie 
base <)f the bladder and then enter a hollow^ m\iscular sheath 
on their way to a chamber,”^ which is lodged in the distal 
end of that sheath. Tliis “ chamber ” passcvS into the penial 
urethra; the cystic urethra ojiens into it by a narrow slit in 
its front wall ; and it receives tin* ducts of three pair of 
aj^pendages. The proximal pair consist of a multitude of 
ramified tubuli, wdiic^h have been found to contain sperma- 
tozoa, and are usually regarded as vesiculm serninak's. The 
middle pair (the so-called ‘‘prostatic glands”) have a similar 
structure and have also been observed to contain spermatozoa. 
The lowermost pair are Cowper’s glands. The “chamber” 
appears to represent the urogenital sinus of the embryo, which 
has not become differentiated into prostatic and bulbous 
urethra. 

The ovaries are enclosed in wide-mouthed }>oritoneal sacs, 
and a ligamentous band, the diaphragmatic ligament, extemds 
from the ovary to the posterior surface (^f the diaphragm. 
The cornua uteri are large and long. There arc five pair of 
teats;, the anterior pair being axillary and the posterior 
inguinal. The other three pair arc equidistant, and lie along 
the ventral surface, internal to the edge of the orhicularis ^yan- 
liimlU 
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Like tljc Rodentia^ the Tnsectivora have a great diversity 
of habit ; sottu^ Galeopitheoi flitting through the air after the 
fiishioii of tlic flying Squirrels ; some arboreal, as the Tiqyaym ; 
some terrestrial and cursorial, like IIk? majority of tlie order. 
A lew are swinuners; and some, like the Mole, are the most 
completely fossorial of Mammals. 

The most aberrant form of the Insect Iv ora is the genus 
Oaleopiiheciis^ essentially an Insectivore of arboreal and 
frugivorous liabit, witli very long and slender limbs. These 
are connected with one anotlier, with tiie sidovS of the neck and 
body, and with th(i tail, by a gi*eat fold of the integument, 
whi(jh is called pittiiyhim ; and, unlike tlio web of the Bat’s 
wing, is hairy on both sides, and extends between the digits 
of the pcs. By the help of this great parachute-like expan- 
sion, the G almpithecus is enaljled to make floating leaps, 
from tree to tree, tlvroiigh great distances. Wlion at rest, 
the (xaleopithecl suspend themselves by their fore- an.d hind- 
•feet, the body and tlio head lianging downward ; a position 
which is soinoiiines assiiiru*d by the JMarmosets among the 
Rrlrnates, 

Tile fore-limlis are slightly larg'er than the liind-limbs. 
There are four axillary teats, ddie male has a pendent pc3nis 
and inguinal scrotal pouches. The pollex and the lialliix are 
short, and capable of considerable movement in adihiction and 
abduction, but they are not opposable ; and their claws are 
like those of the otlior digits. 

The occipital foramen is in the posterior face of the skull. 
The orbit is nearly, but not quite, encircled by bone. The 
lachrymal foramen is in tlic orbit. The bony roof of tlie palate 
is wide and its posteiior margin is thickened. There is a 
strong curved post-glenoidal process of tlic squamosal, -which 
unites with the mastoid, beneath the auditory meatus, and 
restricts the movennent of the mandible to the verlical plane. 
A longitudinal section of the skull sliows a large olfaciory 
cliamber projecting beyond that for the cerebral lobes, and two 
longitudinal ridges, upon the inner face of the latter, prove that 
these lobes must liave possessed corresponding sulci. The 
tentorial plane is nearly verticjal and the floccailar fossie are 
very deep. 

The ulna is very slender infcriorly, where it becomes anchy- 
loscd to the distal end of the radius, which bears the carpus. 
When the ilia are horizontal, the acctabula look a little up- 
ward and backward as well as outward. The fibula is com- 
plete. As in the Sloths and most Primates^ the navicular and 
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cuboid readily rotate upon the astragalus and calcaneuni, so 
that the plaiita pedis is habitually turned inward. 

The dental ronnuhi is i, c, m. ~ 34. 

The outer incisor, in the upj^er jaw, lias two roots, a 
peculiarity which is not known to occur elsewhere. The 
canines of both jaws also have two roots, as in some oilier 
Inseetlvora, The lower incisors are singlc-ianged ; and their 
crowns are broad, flat, and dividetl by mnnerous deep longitu- 
dinal fissures, or “ pectinated.” 

The length of the whole alimentaiy canal fion) mouth to 
anus is not more than six times tluit of ihe IkkIv. The sac- 
culated caHHim is as long as the stonnudi, and its (aipacity 
must be greater than that of the latter organ. 

Galeoj) it heats has, at one time, been [ilaced among the 
Lemurs, and at another, among the IJats. But the resem- 
blances with the former are general and superficial, and the 
differences in the form of the brain, the demtitiern, tlic structure 
of the limbs and of the skull, exclude, it from tin' order of the 
Primates, 

Galeopithecus agrees witli tlie Bats in the disposition of 
the tail, and in the existence c>f a pat(i<jhun iwovided witli 
special muscles. Further, in a. sliglit obliquity of ihe aceiab- 
u la, such as is seen in its extnainMlevadopnient in the Bats ; 
in the imperfect condition of the uhne; and in the pectoral 
position of the teats and the pendent ])enis. J>oth of these 
last, however, it must bo recollected^ are also i^rimatic charuo 
ters. Finall}^, the somewliat similarly pectinated lovva.'r iiudsor 
teeth are found in the Clieiropteran genera, I)iphylla and 
Desmodus, 

But Galeopithecvs dilfcrs from the Bats completely in the 
structure of the fore-limbs ; in the position of tlic hind-limbs 
and the absence of a cal.aj;r ; in the tv\'o-fang(*d outer incisors 
and canines ; and in the presencH; of a ciecum. 

On the other hand, the peculiarities of ilie skull and brain 
are mainly insectivorous, as is the two-faTigcal canine ; and 1 
see no reason for dissenting ft'om Prof. Peters’s view that Gah 
eopUiiecus belongs neither to the Pii mates, nor to the Chei- 
roptera, but that it is an aberrant Inso(divore. 

With respect to other Tnsectivora^ it is worfliy of note, 
that Macroscelides has tlic radius and tlic ulna anchylosed. 
The Tupa/yoe possess a large ciecunu Chrysochloris has pec- 
toral mammary glands ; Ceiitetes and the Moles have the penis 
pendent. 
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The Tiqyaym arc soft-furred, long-tailed, tnxj-loving ani- 
mals, with comp] etc bony orbits and a large cauaim, and are 
those Jmectlvora which most nearly approach the Lemurs. 

The Shrews {^Sorices) most nearly resemble Ivodents out- 
Avardly, being very like small mice. The zygoma is imperfect, 
the tibia and fibula are aiichylosed, and the pubic bones do not 
meet in the symphysis. There are sixteen to twenty teeth in 
the upper jaw and tw'elve in the mandible. Canines are 
absent, and there are six incisors above and four below. The 
inner low^er incis<rrs are greatly elongated and proclivoiis, and 
some of the teeth not unfrequently become anchylosed with 
the jaws. There is no emeum, and peculiar musk-glands are 
sometimes developed at the sides of the body. 

The Moles ( TalpincB) liave no external cars, and the eyes 
are rudimentary. ^Flie fore-limbs are much larger than the 
hind, and are inclosed within the integument u]) to the car])ns. 
The palmar surface of the broad maims is iurued outward and 
backward. 



Tlio manubrium of the sternum is very broad, and its ven- 
tral surface gives rise to a strong median crest. The scapula 
is as long as the humerus and the radius together. It is tri- 
quetral and possesses an acromial process, but no distinct oor- 
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raooid. The clavicle, which is very strong, is perforated by a 
great foramen, and at the middle of its poslorior margin sends 
off a truncated reentering iiroccss. Ihox^iinally, it furnishes 
an articular surface for the humerus. In the caipus there is a 
distinct centnde^ and a large accessory C-sliaped bone lies on 
its radial side. I’lie pubcvS are separate at tlai sympliysis, and 
an accessory styloid bone is connected with tlie naviculare of 
the foot. 

The distribution of the Jiifi(-(ytlcora is singidar in this 
respect, that, although they are met wiiii, under very various 
olimatal conditions, throughout the Old World and North 
America, there are none in South America or Australia. 

In the fossil condition they are not C(ntainly known to 
occur in strata oId(*r than the tertiary. 

III. The (hiiCTROPTEUA. — Ghcir(>ptera may b(i regard- 
ed as cxcoedirigly-modificd Imcctlvoru ^ liaving their nearest 
ally in (hjlcopithecus. 

They possess one or two pair of p(M‘toral teats; and the 
fore-limbs are very long, some of tlie digits part hadarly being 
iminensely elongated, 'Jlicre is a. patapitan^ or c\|)MrjsioTi of 
tlie integument, imiting the fore-linii)s with tJj(? body, and ex- 
tended, as a iiiembranons web, bctwcaai the ciongatetl fingers. 
Of those, the tliird, foiirtli and fifth, and veay frtMjuenlly the 
second, are devoid of nails. The pollo.v .‘dways lias a claw- 
likc nail. When the animal is resting upon tlu) ground, the? 
thigh is twisted upward and backward, in such a. manner that 
its extensor face looks forward, ajid its flexor face backward. 
In consequeiK'e of this the knee looks ujiward and backward, 
and the toc‘s are turned liackward and slightly outward. Un- 
der the same cin.-uinstaiices, all tlie digits of the inamis are 
flexed upon their nudacarpal bones; and the fokled-up wing 
rests against the side of the body, while the ]>olh.>x, with its 
claw, is extended forward. In this |)osition the animal slninies 
along*, with considerable rapidity; hauling itsidf forward by 
the claws on the pollices, and shoving* itself along, by cxtmid- 
ing the hind-limbs. 

Tlie favorite attitude of a 13a t, wlien at rest, liowever, is 
that of suspension by the claws of one or botli legs, \yilh the 
bead downward and the jKitaphua folded ov<w it like a cloak. 
The most active movement of the J3at is elTect(;d by flight, the 
fore-limbs being extended, and the patapimn^ whicJi they sup- 
port, playing the part of the feathers of a bird’s wing. 

The cervical vertebrae are remarkaiily large in proportion 
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to the others, but, as in the rest of the vertebral column^ the 
spinous processes are very short. The ribs arc long and 
curved, so as to include a relatively capacious chest. The 
manubrium of the sternum is very wide, and the middle of its 
und(ir surface raised into a crest. In the luinl^ar regioB, the 
v(;rtebral column is bent, so as to be concave forward and to 
describe idinost the quarter of a circle. As a consequence, tlie 
axis of the sacrum is at right angles to that of the anterior 
thoracic vertebrae 

In’ the skull, the orbit is not divided by bone from the 
temporal fossa, and the prcmaxilhe are relatively small, and 
sometimes altogether rudimentary. 

Tlie clavicles are remarkably long and strong, and the 
broad scapula has a strong spine. The ulnae are imperfect 
distally, the carpus being borne altogether by the radius. 
There is only a single bone in the proximal row of the carpus, 
the pisiform being absent. Those digits of the nianiis which 
arc devoid of nails possess not more than two phalanges. 

The pelvis is \o?y narrow and elongated, and the puTac 
bones arc widely separated at the sym})J]ysis, as in some J//- 
sectivora. The ant(^rior caudal vertebne and the ischia are 
frequently united. The axes of the acetabula are directed 
toward the dorsal side of the body as well as outward ; 
whence, in part, arises the pecidiar position of the thigh, 
whicli has already been doscril^ed. The fibula is rudimentarjq 
its upper part being represented only by ligament, and there 
is an elongated bone, or cartilage, attached to the inner side 
of the ankle-joint which lies in and supports the patagium^ 
and is called the calcar. The distal moiety of the tarsus 
readily rotates upon the asiragalus and calcancum, pennitting 
tlic sole to turn inward witli much case. 

All Cheiroptera |X)ssess three kinds of teeth, incisors, 
canines, and molars ; and the intestine is devoid of a emeum. 

The heart is provided with two vsuperior cavje, a right and 
left ; and the smooth cerebral hemispheres leave the cerebel- 
lum completely expos<?d. 

The testes are abdominal throughout life, or may descend 
into the perinmum, but there is no true scrotum. The penis 
is pendent. There are vesiculm seminales. The form of the 
uterus varies, being sometimes rounded and sometimes two- 
homed. 

The Bats are ordinarily divided into the Frugivora and 
the Insectwora- 

g. The Fnigwora live, as their name implies, exclusively 
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upon fruits. With the single exoeptiou of Hypoderma^ all 
the genera embraced in this grou|) have a nail on the second 
digit of the manus, and the crowns of the molar teeth, which 
soon wear down, are, wdicn entire, divided by a longitudinal 
furrow. ■ 

The incisors do not exceed ■ 

The pyloric portion of the stomach is immensely elongated. 

The nose has no foliai^cous apjit ndnges, and ilie W'ell- 
developed pinna of the oar has the ordinary form, neitlier tlie 
tragus, nor any other part, being nnusualTy develo})ed. 

These Bats are confined to the hotter parts of the Old 
World and of Australia, where, from tljeir dog-like Innids and 
reddish color, they ar(^ known as Flying-Fo>ies ” i^Plerojyus^ 
Harpy ia^ etc.'). 

b. The division of the Tnscctivora contains Bats wliich, for 
the most part, live upon insects, though some delight in fruits, 
and others suck the blood of larger animals. 

The second digit of the rnanus is devoid of a nail, and 
sometimes is without miy l)ony phalange's. 

The stomach is usually pyviforni, with a moderate cardiac 
enlargement. Tiie molar teeth almost always have sucli a 
pattern as is observed in ilu‘ typical InHcctlvora., and do 
not exceed six, or fall below four, on oacli side above and 
below. 

The iiu i‘^ors are ordinarily rnnnbcr may 

be much reduced. 

The integument of the nose is developed into an app(‘nd- 
age wdiich is sometimes very large and leaf-like, and the tragus 
of the large oars is often similarly modified. Tlie tail is (dten 
long, and sometimes prehensile. 

Tlie genera Desinodiis a\\<\ I) cpJiylkt (of which the group 
HmnatophUina has been formed) arc the most completely 
blood-sucking of all the Bats in tlicir habits. They have a 
pair of eimrmous, sharp-pointc'd, n])per incisors, wdnlo the four 
lower incisors are small and pectinated. The canines are very 
large and sharp, and the molars, which Jiro re<luc(Ml to two 
above and tliree beIow% on each side, have their crowns con- 
verted into sharp longitudinally disposed ridg*es, like the 
edges of scissors. In Desmodus^ tli(3 very narrow oesophagus 
leads into a stomach wliich would be of extremely small di- 
mensions, were it not that its cardiac end is dilated into a 
great sac, which is longer than the body, and lies, folded up 
on itself, within the cavity of the abdomen. Into this sac it 
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would appear that the blood swallowed by the animal at first 
passes, to be thence slowly drawn along the intestine. 

Mr. Darwin thus speaks of tlio liabits of Uesraodus 

OrhUjnyl : 

The Vampire Bat is often the cause of nuioli trouble by 
biting the horses on thiiir witliers. The injury is generally 
not so inucli owing to tljc loss of blood as to the innaimnation 
which the pressure of the saddle after\rard produces. The 
whole circunistance has lately been dou()ted in England. I 
was tlierefore fortunate in biding present when one was act- 
ually caught on a horse’s bacik. W e were bivouacking late 
one evening near Coquiinbo, in Chili, when my servant, noti- 
cing that the horses were very restless, went to S(?e what was 
tlie matter, and, fancying he could distinguish something, sud- 
denly put his hand on tlic beast’s withers and secured the 
Vanq)ire. In tlic morning the spot whores the bite liad been 
iiifiicttal was easily distiiiguislicd, from being slightly swollen 
and bloody. The third day afterward we rode the lioj-so with- 
out any ill effects.” 

IV^ The Px^tisfATES. — The .Primates have two pectoral 
mammae, and, rarejy, additional ou(^s u]>on tlie abdomen. In- 
cisor and molar teeth are always present, and, with one excep- 
tion, canines. The iiuasors are never more tlian two, nor are 
there more tiian three preniolars and three molars, on each 
side, above and below. 

Saving individual exceptions, wliich occur in one genus, 
and may be n^gjirdod as abnormal, the liallux possesses a fiat 
nail. The hallux differs in form from the other digits of the 
foot, and is so disposed us to be captiblo of more or less exten- 
sive motion in adduction and abduction ; and, very generally, 
it is opposable^ to the other dig-its of tlic foot. 

The Primates arc divisible into — a. tlic Lcrnurldee.^ 5, the 
'SlmiadiP-^ and c, the j\:nthroiyld(e , . 

a. The first of these divisions, the T^cnmridw^ is more 
widely separated, anatomically, from the other two, than tliese 
are from one another, f and it contains some forms which 
very closely approximait^ to the Lisectivora^ while others are 
nearly affined to the 

* ‘‘Voyage of the Mammulia, p. 2. 

t Oil tfie strongtli of these cliilcrenecs Ai. (iratiolct roleiriitcd the Lemurs to 
the //uectlvom; and Mr. Mivart, in liis ^’aluilhlo paper On the Axial Skelo* 
ton in the Primates,’* puhiislicd in the Proceedings of the Zoological Society 
for 185o, divides the lYimaUs into two suVordefs, Ijemuroidea and Anthro- 
^idea^ 
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All the Lemur Idm are habitvially qiiaclripeda], liave the 
integmneiit lijny, and are usually provided with long tails 
whicii arc never |)reliensilc. They are devoid of cheek- 
pouch(?s and of callous patches upon tlic ijitegunicnt covering 
the ischia. 

Tlie foredinibs arc sliortcr than the hiiiddiinbs. In the 
foot, the hallux is large and opposabh^, and iJi(^ second digit 
dillers from the rest in size, and in the chiw-like foj'iii of ds 
nail. The fourth digit is usually longer than the others, the 
diiferencc being es|)eciaJly marked iji tlie pes. 

In the skull, the brain-case is small rehitix ely to the hiee, 
a-Tid is coulractcd anteriorly. If a straight line driiwu from 
a point midway between the occipital condyk^s, through the 
median plane of the skull, to the junction of "the ethmoid and 
presphem>id, in the lloor of the (xnc'bral cavil y, be t(‘rmed the 
bastH^ranial axis ; and if the planes of tlie criln iform plate of 
the otlunoid, of the tentorium cerebclli, and of the o<a*ipital 
forarmm, l)c respectively termed the ethmoidcil^ tentorial^ and 
occipital planes; then, the greatest kmglh of the ccTcbrul 
cavity liardly (exceeds t!ic length of the l)asi'(*raiiial axis; and 
the ethmoidal, tentorial, and 0 (ici]>ilal ]')lanes are very much 
inclined to that axis. The upper ajxnturo of the lacluymal 
foramen lies upon the face, outside the front margin of IIk? or- 
bit. Idle frontal and the jugal boiK'S are imilcd l)ehind tlie or- 
bit, l)ut a mere l}ar of born? i()sults froiij tljidr union ; arul it is 
so narrow that the orbit and llie temporal fossa are in fine 
communication. The bony palate is elongated, anil, in many 
species, its posterior free edge is thickened. 

The lateral j)roc(‘Sses of the atlas are, nsnally, expand('d. 
The lumbar region of t lie spine is elongated ; the vertebrae 
composing it, in some casi's, being as many as nine. There 
arc nine bones in tlie carpus. Th(3 ilia are narrow and elon- 
gated, and the ischia arf3 not everted. In most Inmurs, the 
tarsal bones resemble those of the other J rhnates ; but, in 
Otolicpus and Tarslus^ they bavc undergone a modification, a 
parallel to wliich is not te be found among Mammals, Jait must 
be sought among tlio Batracliia, AVlien tlu^ distance lietwcen 
the heel and the digits is gTcat in othm’ Mmnm.alla^ the elon- 
gation aflccts the rnatatarsal bones and not the tarsus ; but, in 
these Lemurs, t tie calcaneum and the na viculare are prolonged, 
as they are in the Frogs. 

The subllngua^ a ]3roeess of tlie mucous membrane of the 
floor of the mouth, developed between tlie apex of the tongue 
and the symphysis of the mandible, acipiires a considerable 
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size, and is often denticulated, or coinblike, at its free end. 
The stomach is simple, witli the cardia(3 and pyloric apertures 
approximated. The cmcuni is long, and has no vermiform 
aj>])endage. 

In many Lemurs (tStenops^ N'j/cticebus, Perodicticxis^ Arcto- 
rehus^ Tarsivs) the great arteries and veins of the limbs break 
up into ret la mlmhUia formed of parallel branches. 

The ventricles of the larynx may be enlarged, but there 
are no great air-sacs, such as exist in many other Primates. 

In the brain, the cerebral hemispheres are relatively small 
and liattened, and have narrow and pointed frontal lobes. 
They are so short as to leave the cerebellum largely micovered. 
The gyri and sulci are scanty, or absent, upon the outer sur- 
face of the hemispheres, but the internal face cxliibits the cal- 
carine sulcus. The large olfactory lobes project forward be- 
yond tlie cerebral liemisplicres. 

The pendent penis of the male commonly contains a bone ; 
the testes are lodged in a more or less complete scrotum ; and 
vcsicute serniuales are generally present. 

In the female, the uterus has two long cornua, and the 
urethra traverses tlie clitoris. Sometimes there are one or 
two pairs of teats on the abdomen, in addition to the ordinary 
pectoral pair. 

The Lem'aridce are distinguishable into two families, the 
Xemtirmi and the Cheironiyini, 

In tlie Pcmurlni^ the pollex is large, opposable, and almost 
always has a broad, flat nail. 

The usual dental formula is i. j-.l c. jr^pan. m, or “ J. 

The uj)per incisors are vertical, and tlie pairs of opposite 
sides ai‘c generally S(^]>arated by an interval. The upper 
canines are large and ]>ointed, and very dillerent from the 
incisors. The lower incisors are close set, laterally compressed, 
long and proclivous, and the canines, wliich resemble them in 
form and direction, arc closely applied to tJio outt^r incisors. 
When six grinders are present, the anterior, three are premo- 
lars. The anterior premolars, and sometimes all of them, have 
triangular and sharp-poiiifcd crowns; tin? first preinolar of the 
lower jaw, in fact, resembles a canine, but its true nature is 
shown by its biting behind tlio upper canine, not in front of it. 

Very generally the crowns of the upper molars arc quad- 
ricuspidat(3, and an oblique ridge passes from the antero-ex- 
tcrnal to the postcro-internal cusp, as in the highest Primates^ 
while, in the lower jaw, there are either two transverse ridges, 
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or longitudinal crescents. The cusps of the molars are usually 
much produced, as in the Insectivora. 

In the Ghelromyim^ the pollcx is not truly opposable, and 
its nail is claw-like and resembles that of the other digits. 
All the digits of the pc*s, except the liallux, liave compressed, 
claw-like nails. The middle digit of the inanus is much more 
slender than any of the others, and is longer than the fourtli. 
The long axis of tlie articular head of the mandible is antero- 

E osterior. TJie dentition differs from that of all the other 
lemurs (and indeed from that of all the otlier and 

resembles that of the Rodents. 

Thus there is only one pair of incisors in each ja w,* and 
these grow from persistent pulps and have a thick layer of 
enamel on their anterior faces, whence they wear to sharp 
cliiscl-cdges, like the incisors of tlic liodentla. No canines 
are developed, and there are four grinders with simple crowns 
on each side above and below. 

The formula of the milk dentition is dj, ^ dj\ l jTj. 

The Lmntrlde arc confined to Eastern Asia, Madagascar, 
and South Africa; Madagascar presenting tlie greatest num- 
ber and diversity of g(mera ainl species. 

b» In the great group of tlie HlniiadjVy which contains the 
Apes and Monkews, the attitude is sometimes liabitually (|uad- 
rupedal, the axis of the body being horizontal ; but, in a few 
species, the trunk is liabitually held in a more inolin<;d posi- 
tion, and the animals readily assmno the erec.t attitude. 

Ilie Slm>kulm are sometimes t(>rrestrial in habit, and good 
runners, but they are always excellent climbers, and, in some 
oases, they are necessitated by their organization to be almost 
as thoroughly arboreal as the Slot! is. 

The hallux is always much shorter than the second digit 
of the foot, and capable of very free movinnent in adduediou 
and abduction. 

The series of the teeth, in each jaw, is intornipted by a 
diastema in front of the canine in the upper jaw, and behind 
it, in the lower ; and the canine teeth are longer tlian tlie oth- 
ers, the })oints of tlieir crowns projecting for a greater or less 
distance beyond the rest. 

In tlie skull, the length of the basi-cranial axis equals more 
than half the extreme length of the cavity Avhich contains the 

* Anioa;? tiio Lemuridm^ the outer and u])per incisors of Nj/rMcebus and 
Tarsius soon fall out. Llchanotm and Ihrsim have only one pair of incisora 
in the mttiidlble. 
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brain. The absolute capacity of the cranium is less than forty 
cubic inches ; and, if tliere is any dillcrcnico in tlie length and 
abundance of tlie hair which covers the body, it is longest on 
the back. Tlie uterus is undivided, and tlic clitoris is not 
peiibrat(*d by the nrcthni. The teats ai*c only two in number, 
and they are pectoral. 

Tlie Shniadm are divisible into three families — the Arcto- 
pltheclni^ the Plaiyrrhhii^ and the CatarrhinL 

1. "EIjo Aretopithecini^ or Marmosets, are small, thickly 
furred, long-tailed, liabitually ([uadrupedal, Squirrel-like ani- 
mals, which are found onlj^ in South Americ-a. Noiie of them 
are provided ^vit]l cheek-pouclies, nor possess bare and callous 
patclies of iiitcigument over the ischia. The ears arc large 
and hairy, and the nose is Hat and broad as in the Platyrrhini. 
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The foro-Iinil^s arc shorter than the hincMimbs* The pol- 
lex is not op[>osable, nor sviseoptiblc of extensive alxhictibn 
from the otlief digits, which it resembles in being* provided 
with a sharp, curved claw. Tlic nianus, consef|ueiitly, is a 
mere paw, and the term ^Miaiid ’’ is not applicable to it. 
The lia.llux of llie foot is very small, and is provided with a 
flat nail. The nails of all the other digits of tlie pes are fab 
cate. The plantar surface is very long, and tlie digits are very 
short. It follows from these fa(f s that the term “ qnadrutna- 
nous ” is not appli(^al;le, in any sense, to the Marmosets. 

The skull is remarkable for the smooili and rounded sur- 
face and relatively large size of the brain-eas(\ Alllioiigl* the 
orbits are large, the brow ridges arc iiu'onspicaioiis, and tlie 
occipital region of the skull [irojccls so far backward that the 
occipital foramen may lie eoinplebdy upon the under surface 
of the skull, to\var<l the junction of its middle and posterior 
thirds; and have its plane almost liorizordai, when tlie face 
looks forward. Tli<^ orbit is almost completely shut oil front 
the temporal fossa by l)one. 

The liyoid resembles that of the Lemurs, its liody being 
narrow and niucli ardied fiom side to side, ivhile the anterior 
cornua arc strong. 

There ai’o usually nineteen dorso-liirnbar \ ertelnie,. and the 
transverse proc(\sses of the; atlas are soim^what broad and ilat- 
tened. 

The dental formula is i, c. 1:1 /c =“ 32. Tlius 

the number of the tcetli is the same as in man and the Catar- 
rhini ^ but in the number of the premolars and molars the 
Arctoplthecmi difler frotn both the (Jaiarrhmi and Platyr- 
rhiniy having one premolar more than the former and one true 
molar fewer than the latter. In Ilapale^ the lower incisors 
«?ire proclivous; and tlic canines are approximate to thorn, and 
similarly inclined, as in the Lemurs. 

Although tlic iiiauus is a paw and the p^>llox is noi- oppos- 
able, this digit has its jiroper abductor^ adductor^ and long 
and short ll(3xors. The existence of a proper opponais of the 
pollex is doubtful, but there is an opponens miuhid digitL 
The ,/fe’or lon(/us is com]>Ietely iiiiiied with \he flexor projun-' 
dus cUgUonan^ but ihc tendon for tlie poJlirx comes oil on tlie 
radial side instead of on the plnar side, ns it does in some of 
the hitler fSirniadw. I'lic extensor seeimdl Internodli p)oUicis 
is united with the extensor indieiSy'^ml the extensor minimi 
digiti gives off slips to the third, fourtli, and fifth digits, so that 
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there is a complete set of deep extensors. The four dorsal and 
three palmar interossei are not distinctly subdivided, but they 
send slips to the extensor tendons. 

There are ^imv : p, longus^ p. brevM, p. qjiartl^ and 

7 ?, qaiati dlgitL The flexor breins dlgitoriim of the pes has 
one division which arises from the calcaiiciim and goes to the 
second digit; the otlier tlirt^e heads arise from the tendons of 
the flexor 2>e) for ems, Tlie flAiXor accessorius furnishes almost 
the Avhole of tlie long Ilexor tendons of the hallux, the flexor 
longus digltorum sup[)lying the perforating tendons of the 
second and llftli digits; while i\\o flexor hallucls longus gives 
oir the corresponding tendons of the third and fourth digits. 
The interossel^ in the pes, appear to be re})!‘cscnted only by 
tlie pairs ol’ m\isclcs which act as short flexors of the basal 
phalanges, and these lie altogether upon the plantar aspecd of 
tlie live metatarsal bones. The hallux has no special adductor^ 
nor is there any tramrersus pedis. In fact, the pes is almost 
as completely a “paw” as is the man ns. 

The brain has long and relativady large cerel^ral hemi- 
spheres, the posterior lobes of wliich project far beyond the 
eerebellum, and thus com[)letcly hide it, in tlu.^ upfier view of , 
the brain. The external surlaces of the hennispheres are al- 
most sinootlijbut the Sylvian fissure is well marked, and tliere 
is a trace of tliat of liolaiido. On the inmT face of eacli hemi- 
sphere, the calcarine fissure is diM^p and giy()s riwSO t6 a well- 
marked hippocampus nunor within tlie posterior cornu of the 
lateral vmitriclc. The corpus callosum has about a third the 
length of the liemispheres. The septum lucldum is very tbiek, 
and the precommissural fibres abimdaTit. The vermis projects 
beyond the lateral lobes of the cerebellum, and tXxcflocculi are 
large. 

2. The Platyrrhlm are essentially quadrupedal and planti- 
grade, though some, like the Spider Monkeys occfifr 

sionally assume the erect posture. They all possess tails, and 
in some genera (e. g., Atele^ this organ becomes very flc^xildo 
and muscular, and the under siirfiicc of its extremity is dev^oid 
of hair and highly sensitive. The tail, thus modified, is a 
powerful prehensile organ, and serves as a fifth hand. The 
partition between the nostrils is broad and separates them 
widely, so that th(5 nose is remarkably wide and flat, whence 
the name of the group. The cars are I'onnded and bare.’ 
There are no clieek-pouclies, nor ischial callosities, in any 
Platyrrhiue Monkey. In most, the fore-limbs are shorter than 
the hind-limbs, but the reverse is the case in the Spider Moq^ 
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Keys. The pollex difFcrs less from the other digits than it 
does in the Gatarrhink It is more nearly parallel with, and 
in the same plane as, the other digits of the inanns; and, 
though capable of extensive adduction and abduction, can 
hardly be said to be truly opposable. The hallux is larg*^, and 
susceptible of extensiv^c movements in abduction and adduc- 
tion. 

The number of the dorso-lumbar vertebrai varies from 
seventeen to twenty-two, the greatest ninnber being pos- 
sessed by J!^yctipitheciis^ which has ^2 (14 + 8 or 15+7). In 
those forms which have prehensile tails the terminal caudal 
vertebrm are flattened from above downward. Tlui ariiciilar 
surface of tbe head of tVie humerus looks moj*e backward than 
inward; and, not imfrecpicntly, there is a foramen above the 
inner condyle. The car|)us contains nine bones. The pollex 
is generally complete, but, in AtehiS^ it is reduced to a small 
metacarpal (to winch, usually, a single minute no<lular phalanx 
is articulated), and is comjdctcly hidden beneath the integu- 
ment, The pelvis is, generally, elongated, and the anterior 
ramus of the pubis lies at right angles with the long axis of 
the narrow ilium. 4^he tuberosities of tin* ischia are everted,, 
l)ut not rugose. In Ateles^ the pedvis is broader, and the pubis 
forms a more open angle with tlie ilium. The calcaneal ]>ro- 
cess is always very short, and compressed from side to side. 

The brain-case is roumhKl and devoid of strong crests. 
There is no distinct mastoid proc(?ss, and tlic styloid is not 
ossified. The coronal suture is generally V-shaped, the apex 
of the frontal bone extending far back on the vcrti^x of the 
skull. The alisphenoid and the parietal bones unite upon 
the side-avails of tlie skull. The external auditory meatus is 
not ossified, the tympanic bone retaining its fadal, lioop-like 
form. The frontal bones approacli one another on the Hour of 
the skull, but rarely unit(^ over the junction of the presphenoid 
with the ethmoid. On tlie inner surface of the periotic Ixme 
there is a fossa overarched by the anterior vertical semicircular 
canal, in which the flocculus rests. In Atehs the greater part 
of the tentorium is ossified. In other respects, the skull pre- 
sents extraordinary variations among the Platyrrhmi ; the 
two extremes being presented by the Howling Monkeys 
{Mycete^) and the Squirrel Monkeys ( Ghrysothrix), In the 
former, tlie face is very large and prominent, with a low flicial 
angle. The roof of the brain-case is depressed ; the plane of 
the occipital foramen is almost perpendicular to the basi-cra- 
nial axis; and that of the tentorium is very much inclined. 
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The occipital condyles are, consequently, situated at tlie pos- 
terior end of the basis cranii^ and tlie basi-cranial axis is as 
long as the cerebral cavity. In Chrysothrix^ on the contrary, 
tlie face is relatively small, vdth a high facial angle ; the brain- 
case is moderately arched ; the plane? of the tentorium is hori- 
zontal, like tliat of the occipital foramen, which lies but little 
behind the middle of the liase of the skull. Tlie basi-cranial 
axis is inucii sliortor than the cerebral cavity. The pre- 
maxillo-maxillary suture disappears early in (Jehus, 

The hn'inula of tlie adult dentition is ^ c. 

The crowns of the molar teeth usually have two 

transverse ridg(?s, ending in four cusps. In the upper molars 
of Ateles Mycetes an obliipie ridge crosses the (?rown from 
the antcro-extcriial to the postero-hiterrial cusp. The perma- 
•neut canines usually make their appearance before, the last 
molar. 

The stomach is ,sim])le, the cacum large, and devoid of 
any vermiform appendix; the liver is usually live-lobcd ; and 
Uni kidney has a single papilla. 

The ventricilcs of the larynx are not usually dcivoloped into 
air-sacs. In jLtdes^ liowever, a median air-sac is dcvelojied 
from the post(.irior wall of the windpipe between ilie cricoid 
cartilage and the first ring of the trachea. A very remarkable 
modili(?atloii of tlie hyokl and larynx takes place in 3rycetes, 
The cornua of the hyokl are. rudimentary, but its body is con- 
\crted into a large tliin-wallcd bony drum, the cavity of which 
communicates, lieneath the large epiglottis, with that of the 
larynx. The thyroid cartilage is very largo, and the carti- 
lages of Wrisberg and Santorini are replaced by a librous mass, 
wliich is united posteriorly with its fellow of the opposite side. 
In addition to the hyoidean air-sac the ventricles of the larjuix 
are dilated and prolonged u])ward, coming into contact- aliove 
the larynx ; two pharyngo-laryngeal pouches may be added 
to tliese. 3fyc('.t(is is famous for the distance to \vhich its 
howling voice can be heard in the South American forests. 

Although the poll ex is rudimentary and a pparently func- 
t/ionless in Ateles^ all its characteristic muscles {abductor^ ad^ 
diirtor^ flexor brevis^ and op 2 :>o?fens) are present, except the 
l<3ng fle.xor. 

In NyctipHJieciis the pedal interossel are flexores breves^ 
and lie on the plantar surfaces of the metatarsal bones, as in 
the Marmosets ; but botli the adductor hcdlucis and the trana^ 
versus pedis are well developed. 
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The brain varies remarkably in dilTerent PlatyrrhinL In 
Ghrysotlirl^^ the cerebral hemispheres project beyond the 
cerebellum to a g-reater relative extent tlian in any otfier Mam- 
mal, namely, by one-fil’tli of their total length. On the other 
hand, in Mycetes^ the cerebral hemispheres hardly hide the 
cerebolluin, wljen the brain is viewed from above. 

In Oebus^ the outer surface of the brain is almost as inucli 
convoluted as in the Catarrhine Apes. Aides has the external 
perpendicular tissure almost obliterated by the annectent gyri, 
and, so far, exhibits a higlier type of brain than the Cctlar- 
rhiihi ; but, in Plthecia^ Chrysothrix^ and A^yctqyitheeus^ the 
external sulci gradually disappear, until the brain is almost as 
smooth as in the Marmosets. On the inner fact^s of the hemi- 
spheres, however, the itit(jrnal ptn’pcndicular, th(i calloso-mar- 
ginal, the calcarine, and the collateral sulci remain, while, in 
the interior of the hemispheres, the posterior cornu and the 
hippommpus minor are always presivnt. 

The verniis of the cerebellum is largo and j)rojects beyond 
the level of the posterior margins of its hemispheres ; tlie^/foc- 
culus is largo and lodged in a fossa of the periotic ossification, 
as ill the Marmosets. The upper ends of the pyramids are 
separated l^y corpora trapezoidea from the VarollL 
• The penis is nsually terminated by a largo, button-shaped 
glans. ' Tlie cavity of tlie tunica varfmeills is not shut off from 
the abdomen, ancl the testes lie at the sides of, rather than be- 
hind, the penis. The fernak; Aides has a long clitoris, which 
dejiends from the vagina. 

The Plafyrrhhil occur only in the Anstro-Coliirnbian prov- 
ince, and are known in the fossil state only in certain caves 
of that region. 

3. The Gatarrhuil , — The Slmuuhc of this division present 
a great range ol* variation in most respects, but they agree in 
having the partition between the nostrils narrf)wcr than in tlie 
Platyrrhini * in possessing a bony meatus auditorius; in tlie 

dental formula ^ being in- 

habitants of tlio Old World. They fall into two very distinct 
groups, the Oynoniorpha and the u;i:ntliropo)norpha, 

a, Tlio Cynomorpha are distiuguisiied from the oilier 
group by being essentially quadrupedal, and usually provided 
with a tail, Avhich is in^ver prehensile. The femur and tibia, 
taken together, are longer tlian the luirmirus and the radius. 
The outer inferior incisors are not larger than the inner ones, 
but are often smaller. The crowns of the molar teeth present 
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two ti'ansvcrso ridges, a third being present, in some genera, 
on ihe last inferior molar. * 

All tlje Ci/nomorpha have ischial callosities, which some- 
times attain a very large size, and are brightly colored. 

'riic dorso-limibar region of the spinal column is concave 
toward the ventral aspect, and the 1 umbo-sacral angle is very 
large. The atlas has narrow transverse processes. The or- 
dinary number of dorso lumbar vertebrae is uineteen, of which 
twelve, or thirteen, are dorsal; and seven, or six, lumbar. 
The middle cervical vertel)ra3 have short spines, which are not 
bifurcated at their extremities. In the j)osterior dorsal and 
anterior lumbar vertebra?, the mammillary and accessory pro- 
cesses may be enlarged and interlock. Tlic long transverse 
processes of ihe lumbar vertebrae bend forward. Tiic sacrum 
usually contains only three anchylosed vertebne. The caudal 
vertebra? var^^ in number, from three in J?nius (wlicre they 
form little more than a coccyx), to as many as thirty-one. In 
the anterior part of ihe tail the vertobrie arc provided with 
sub vertebra I, or chevron, bones. 

The thorax is laterally coinju'cssed, and tlie manubrium of 
the sternum is. broad ; but the six or seven sterpebra? which 
follow it ar(? compressed and c(3Tistricied. 

The skull }:>resents a considerable range of variation. In 
the iScmnopitheci and Cololrl, tlie frontal region is rounded, 
the facial angle is comparatively large, and the ascending por- 
tion of the ramus of the mandibk? is liigh. In the Macaci and 
Cynocephall^ on the other hand, the supra-orbital ridges be- 
come so raucli enlarged as to hide the forehead ; and tin? hori- 
zontal portion of the ramus of the mandible is inuch larger 
than the ascending portion, in accordance with the great pro- 
duction of the u]>pt*r jaw, and the consequent low facial angle. 
In many of the Cynocephrdi^ longitudinal osseous ridges are 
developed upon the maxilhe, and greatly increase the bnitish- 
ness of their aspe(*t. Sagittal and lambdoidal crests may ap- 
pear along the lines of iLlie corresponding sutures. There is 
no distinct mastoid process ; and the styloid process is not 
ossified. The parietal bones do not unite with the alisphe- 
noids, being separated from them by tlie union of the squamo- 
sals with the froiitals. The brain-case is flattened and elon- 
gated, and the convex roofs of tlie orbits project into it, and 
greatly diminish the capacity of its frontal portion. The olfac- 
tory fossm are very deep, and sometimes almost tubular. The 
two frontal bones send thick processes across the base of the 
skull, w^hich unite over the junction . of the presphenoid and 
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the ethmoid, and thus narrow iIjo entrance to the olfactory 
fossie. The basicranial axis is shorter than the cerebral cavity, 
but is still pro[X>rtioiialiy The occipital foramen lies in 

the posterior sixth of the base of tlie skull, and it looks o]> 
liquely backward and downward*. The ])remaxillo-inax illary 
suture never disappears until long aftcT the secqnd dentition 
as complete, and may persist throughout ]if(\ The palate is 
long and narrow. The nas:d lx)ncs arc flat, and early anchj^- 
lose into one bonc\ 

The scapula is relatively longer and narrower than that 
of Man; but the spine lies at right angles ft) the vertebral 
border, and the supra-spinous is much smaller than the iiifra- 
spiiious fossa. 

The -axis of the articular head of the humerus is not di- 
rected upward and inward, but upward and bat-lvward; the 
bicipital groove lies on the inner side; and the shaft of the 
bone is so bent tliat it is convex forward. In all these char- 
acters the f(;rc-limb shows its relalion to the fuiiciion of sup- 
port. The radius exhibits nioditications which have the same 
signification. Its. proximal head is transversely elongated, 
and lies somewhat in advance of tlie ulna, articulaling more 
largely with the humerus Ilian in the higluM* Apes, TIao neck 
of the radius (between the head and the bicipital tuberosity) 
fits more (closely to the ulna, and licaice the moyenumts of pro- 
nation and supination are r<*stricted. 

There arc nine bones iu the carpus. pisifornie is 

much elongated, making a sort of heel for the manus. To- 
gether with the camciforme, it furnish(is an articular fa<re for 
the ulna. The distal arti(*ular surhice of the lra|)ezium is 
saddle-shaped, and the pollex is usually complete, tliough 
short relatively to the other digits. In Colohiis it is -rudi- 
ment arj^ 

The ptdvis is long and narrow. The ilia are narrow bones 
witli inuch-excavated posterior and outer faces. Their crests 
generally lie opposite the transvei'se processc‘s of the ])ennlti- 
rnate lumbar vertebra. TIic long axis of the ilium and that 
of the anterior lamus of the pubis cut one another nearly at a 
right angle; while the long axis of the ilium and that of the 
posterior ramus of the ischium lie nearly in one straight line, 
toie sjunphysis pnbis is v<'ry long, and Ihfj subpiihic arcli cor- 
respondingly reduced. The* posterior ends of the iscliia are 
everted, broad, and rough, for the attachment of the callous 
pads of integument. The femur has a round ligament. The 
tarsus has not more than one-third the length of the foot 
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The calcaneal process is flattoiied from side to side, and lias a 
piilleydike excavation u2)on its posterior extremity. The 
tibial facet of the astrag-alus is inclined slightly inward, as 
well as upward, and its outer edge is raised. The distal di- 
vision of the tarsus, consisting of the cuboid and navicular, 
with the cuneiform bones, is capable of a considerable amount 
of rotat(;ry motion upon the astragalus and the otiloancum. 
TIio CM to- cunei form bone is larg-c;^ and lias a traiisversely-con- 
vex articular surface for the metatarsal of the hallux. Conse- 
quently the latter (vvliich is sl'.ort, reaching to only about the 
middle of the proximal jilialanx of the st^cond digit) is capable 
of free motion in abduction and adduction. 

In tliG Cjpioniorpha^ and even in tlie so-called “ tailless ” 
genus, In..u}is^ jiropivn caudal inuvscles are [irc^sent. In tlie limbs 
ther(i is a levator ('lavieukH wliich passes from the transverse 
processor the .atlas to the acromion; dorso-epltrochlearls^ 
consisting of a nuiscular bundle detached from ihe latissinius 
dorsl near its insertion, and passing to the distal and inner 
end of the humerus, or even farfclier down ; a {icamorhis^ from 
the ventral edge of the ilium to tlie great troclianter, which 
sometimes becomes confounded with the (jlutims rnJriimus ; a 
special abductor ossls rnetacarpi (pdatl ; and a jyeroiumis 
qiilntl dUfltl^ aiislng from the fibula, lad ween the peronmm 
longits and brevis, passing behind the external malltjolus, and 
sending its tendon to the extensor sli(?ath of t!ie fifth digit. 

The extensor primi intetmodii poUicls and tlie peronams 
tertius are a’osent in tliis, as in the preceding group. 

The bleeps femor Is usually iiossesses only an ischial head, 
and the arises only from tlie fibula. The flexor hr eirts 

dlgitorwn arises partly from the tendon of the plantaris, 
wliere this pMss(;s over the jmlloy on the posterior surface of 
the calcaneal jiroeoss to bci’orne continuous 'with the jdantar 
fascia, and partlj^ from tlie tendons of the long flexor. The 
transve?\ms pedis is usually fully developed, but has only two 
heads of origin from tlie distal ends of the second and third 
metatarsals. Tlie interonsei pedis ar<} just visible on the dor- 
sal aspect of the foot, but none are, properly speaking, df)rsal. 
None of tliem arc pennifoi-ni muscles arising from adjacent 
side^J of tlie melafarSid liones ; hut tliey are at tached, in pairs, 
to the plantar and lateral a.S2>ects of the metatarsal bones of 
the digits to wliicli they appertain. They are inserted into 
the sesamoid bones, of which eacli digit has two, and into the 
bases of the proximal jihalanges, and give off no distinct ten- 
dons to the extensor sheaths. Additional muscles may arise 
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over the proximal ends of the metatarsal bones, and pass to 
the three (ibiilar digits. 

Tlic interossei rnanufi are very similar to those of Man, 
being divided into a dorsal and a palmar set, and sending s]i]:)s 
to tfjc extensor sheaths of the digits, without that complete 
subdivisioji which is seen in the Anth7^ojHriiio}^2^ha, 

There is a complete double set of extensors in ihc four 
ulnar digits of tiu) mauus, the extensor ndmmi du/iti giving 
a tendon to the fointh digit, and the extensor indicts one to 
the third digit. The exfotsor ossls ^ncteicarpi ]x>likis gives a 
distinct slip to the trapezium, and thus pjxjcisely corresponds 
with the tibialis antic'us, whitdi has two tendons, one for the 
cuto-cuneiform, and one lor tlie inetaiarsal of the hallux. The 
flexor die/ itorunr prof tind Its flexor lontjus^wUicis are rep- 

resented by one muscle, a slip from the ulnar side? of the ten- 
don of which usually goes to the pollex. 

Tlie temdoiis of the flexor perflorans dlgliorum. and flexor 
hallucis nnito to form the doe^p llcxor te'ndons of ihe pcdid 
digits in very variable pioportions. Tin? flexor accessor ms is 
very generally pi-escnt. 

TJie anterior upper premolar lias its oulor cusp peculiarly 
modified and* sharpened. The anterior lower pretnolar has 
tlie anterior margin of its crown prolonged and cutting, so 
tliat it works like as cissors blade, against the posterior edge 
of the u]i])er canine. In the upper jaw, the iireniolars hav^e 
three roots ; in the lower two. The molars in both jaws liave 
four cusps connc^cted by two transverse ridges. Sometimes 
there is ‘‘heel” behind the posterior ridge of the last lower 
molar, 

Tlie formula of the milk dentition is </./. d.c, dmi, 

— 20; and the anterior milk molar resembles the perma- 
nent premolars, while tlie posterior is like a permanent molar. 

The permanent canines make their appearance before, or, 
at latest, contemporaneously with, the iiinderniost molar in 
both jaws. They are large and long, and are separated, by 
a well-marked diastema, from the outer incisor above', and 
from tlie first pro molar below. 

The Cynornorpha very generally possess cheek-pouedies^ 
which* serve as pockets for the temporary stowage of food. 
The stomack is usually simple, with a globular cardiac ex- 
tremity and an elongated pyloric portion ; but, in Semnopithe* 
cUs and Colohus^ the stomach is divided into three compart- 
ments, the middle of which is sacculated, A groove with 
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raised edges leads from the cardiac end of the gullet to the 
middle compartment. 

The c:ecam, though distinct, is relatively small, and has no 
vermiform appendage. 

The liv cr varies much in the degree of its subdivision into 
lobes, being least divided in the iSemnojyltheci^ and most in 
tlie Baboons. The iririomiiiate artery generally gives origin 
to both carotids, as well as to the riglit subclavian, the left 
subclavian arising directly fr-om the arch of the aorta. 

When laryiigeal air-sacs are developed, ihe>y are not 
formed by dilatations of the lateral ventricles of the larynx, 
but a single sac, with a median aperture, is formed in the 
lliyrodiyoidcan space immediately beneath the epiglottis. 
This inedian air-sac is very large, extending down over the 
front of the neck, and sending processes into the axillae, in 
some tSemnoplthecl and (}i/nocej>halL The right lung is usu- 
ally foui'-lobed, the hdt two-1 obed. 

The kidney has only a single j>apilla. 

The posterior lobes of the cerebrum project beyond the 
cerobcdlurn in all tlie (J y nornorpJui ; they arc shortest in the 
Sernnopithcci^ and Iong(.‘st in the (JynocephalL The principal 
sulci and gyri Avhich are found in the hiiinan brain are always 
indicated ; but the external perpendicular fissure is strongly 
marked. The posterior cornu of the lateral ventricle is large, 
aii<l there is a strongly-marked hippocawpm viinor. 

There is usually, if not always, a bone in the penis, which 
is provided with two special retractor muscles. The females 
are subject to a periodical turgesceiicc of the sexual organs, 
sometimes accompanied by haemorrhage, and comparable to 
menstruation. The placenta is often bilobed. 

h. The AntJiTopomorphd difler from the Cyno7norpha in 
the following cliaracl(u\s : They are especially arboreal ani- 
mals, which habitually assume a scnni-crect posture, support- 
ing the weight of ilie fore-part of the body upon ihe ends of 
the fingers, or, inon? usually, upon the knuckles. Tiierc is no 
tail. The thigh and the leg me, respectively, shorter than 
the arm and tlie fore-arm. The dorso-luinbar vertebrae are 
seventeen or eighteen in number, and fheir spines are not in- 
clined toward a common point. They d(^velo}) no interlocking 
mammillary and accessory processes. The sacrum contains 
more than three anchylosed vertebra?. The thorax is rather 
broad than laterally compressed, and the sternum is flattened 
from before backward, and wide. 'Ilie axis of the head of the 
humerus is directed more iiiwazd than backward, and the up- 
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per part of tlie shaft is not bent as in the Gi/nomo^pha, The 
radius is oa2>able of coraj)lcto pronatiou aiid supination. 

The relative proportions of the incisor teeth are the same 
as in Alan ; that is to say, the inner upper incisors and ilie 
outer lower incisors are larg'or tluiu the otiicrs. The crowns 
of the upper and lower molars Jiav'c the same 2)atterns as those 
of Alan. 

The caudal muscles arc small or absent. When the j:)olIex 
has a flexor tendon, that tenrlon is not a slip given off from 
one common to tlie Jiexo 7 * pollie is and flexor perforans^ as in 
the Oynomorpha, Tlie does not jiass over a 2)ulley 

furnished by the calcaneal 2^rocess, as in the Oy)ioniorpha ; 
and the flexor hrevls has an oi-igin iVoni that ])rocess. The 
peronoeus quhiti dlyitl has not boon obs<M*ved. 

There are three well-marked genera of AntJiropo)norpha — 
JFli/lohates^ Pithecus^ and Troflodytes ; and pcrliaj^s a fourth, 
(roriUa^ may lie advantageously so|)arated from the last- 
named. 

Plthecus^ the Orvang*, lias tlie smallest distribiitioMMl area, 
being confined to the islands of Borneo and Sumatra; llylo- 
hates^ the Giblions, of which there arc several species, is found 
over a considerable area of Eastern Asia arnl tli(> islands of the 
Alai ay Archipelago. The (Jhi)ripanzee and Gorilla are met 
with only in tin? intori r(>2^i(*al [iJirts of AVbest Africa. 

The Gibbons arc tliose Aoihropomorpha \vhich arci most 
nearly allied to the Gynooiorplia, They [lossless ischial cal- 
losities, and the nails of tlie |>ollux and hallux, only, are broad 
and flat. The arms are so long that the ])oints of the fingers 
readily touch the ground when the animal stands u[)right, as 
it very readily ami commonly does. The Gibbous also rim 
with great swiftness, |mttiug* the -sole of tlie lV)()t flat on the 
ground and balancing themselves with their long arms. N(iv- 
ertlniless, they ar<i essentially arbonial animals, lea2:>ing from 
bough to bough of the trees in the forests vdiidi they frequent 
with iruirvclious force and iirccision. The manus is longer 
than the pcs, and the antibrachium considerably longtn* Ilian 
the brachium. Tlie Gibbons do not exceed three feet in 
height; their licads are small, and their bodies and limbs 
remarkably slender. 

None of the other AnfJvroponiorpha have callositic^s, and 
the nails of all the digits arc flattenerl. They ar (3 all heavier 
in make, with proportionally shorter limits and larger Leads 
than the Gibbons. In the Orangs, whitjh rarely atUiin a stat- 
ure of more than four feet and a half, the arms are very long, 



404 


THE AJS ATOMY OF VERTEBRATE!) AJNTIMALS. 


tlicir span, when outstretolicB, being nearly double the height 
of the animal. Tlie brachimn and the antibrachiiirn are’ equal 
in length. The long and narrow pes is longer than the equal- 
ly ntirrovv^ inaiius, and tlie sole caninot bo placed flat upon the 
groinid, but the aniinal rests upon tlie outer edge of the foot 
whcm it assumes the erect postun^. This ])osture, however, is 
quite unnatural, and the Orangs cannot run as the Gibbons 
do, but swing themselves along upon their long arms, as it 
wer(i upon erutclics. 

The pollex and the hallux are both short, the latter remark- 
ably so; and tlie hallux is not un<?ominonly devoid of a nail. 
The palmar and plantar as])cctsof the digits are naturally con- 
cave, and they eamiot lie (‘completely straightened. 

Tlie Chimpanzee attains a stature sonurvvhat greater than 
that of tlie average Orang;. The span (jCiIkj arms is about 
half as much again as flic lieight. The antibraciiium is about 
as long as flu^ liradiium. The inaiiiis is equal to, or a little 
longer than, tlic pes ; and these parts of the limbs are not so 
elongated, or so ('urv(M], as the corresponding parts of tlie 
Orang. The solc^ (‘an be readily placed flat upon the ground, 
and the Chiinjiauzeo easily stands or nms erect. But his fa- 
vorite attitude is leaning forward and supporting himself on 
the knuckles of the rnauiis. Both the hallux and the pollex 
are wcdl devtdojied and possess nails. ^ , 

Thc3 Gorilla exceeds liv<5 feet in height and may roach five 
feet six inches. 1'lie span is to the height as about three to 
tw(„i. The brachium is mii(?h longer tlian the antibrachiurn. 
The pes is l()ng(‘r than the niaiins, and both arc much 
broader ihau in t he other Anthropomorp/ia, In consequence 
of this circumstance and of tlie greater development of the 
heel, tlie en^ct posture is (easily maintained, but the ordinary 
attitude is tlie same as that assumed by the (liiinpanz.ee. The 
hallux and tlie polh^x have well-ch^veloped nails. Tlie basal 
phalanges of the three middle digits of the foot are bound 
togctlier by the integument. 

With respect to the skedeton in the A?)throp(mi(y)*p/ia^ the 
Gibbons liave the spinal column nearly straight, with a very 
open vcrtebro>sa(;ral angle. In the Orangs the dorso-lumbar 
vetebrte form a curve, winch is nearly as much concave for- 
ward as in a now-born child. In the CJhimpaiizee the spinal 
column begins to exhibit the curvatures which are character- 
istic of the adult human subject; and these are still more 
marked in the Gorilla. 

The spinous process of the second cervical vertebra ia 
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bifurcated in the Chimpanzee, but this human character does 
not appcnir in the otliers. 

In the Gibbons tliero are usuallv eigliteen dorso-luinbar 
vertebrsej but in the otlier A^ithropoworpha the number is 
ordinarilj seventeen, as in Man, or may be reduced to sixteen. 
The Orang has the human innnijer of t\velvc pairs of ribs ; 
but the Chimpanzee and Gorilla havc^* tliirteeu, and the Gib- 
bons may possess fouj’teeu pairs of ribs. The thorax is wide, 
and the sternum broad and flat. In the f )rang it .may ossify 
from a double longitudinal series of et'nin's, as soineiimes hap- 
pens in Alan. 

In the Gibbons the traiisverse jjrocesses of th(^ last luir.bar 
vertebra are not exeeptionally broad, and do not unite with 
the ilia. But in both the Chimpanzee and Gorilla they are 
wide, and become more or less closely con neeied with the ilia. 
The last lumbar vertebra may become aru'liylosed with the 
sacrum in the Gorilla. All these conditions of the last lum- 
bar vertebra are o(ieasionally n)(‘t witli in Man. 

The sacrum is broad, and coiitaius not fewer tJian five 
ancliylosed vertebrjn, but its Itmgth always exceeds its breadth 
(whereas its l)rea(ltli is equal to, or ex(*eeds, its lengtJi, in Alan),* 
and its anterior curvature is but slight. Tlio short (‘occyx. is 
made up of not more than four or five vei lebra.'. In the sknlJ, 
The 'pr()per i'orm of tlui brain-c.asi'^ is always more or less dis- 
guised in the adult males, by the develo|)ment of crests for 
muscular attachment, or of tlx; orints and tlie supraorbital 
ridges. In the Gibbons and Clnmpanzees, tlx? latter ai'o 
large, but the sagittal crest is absent, and tlie lam])doidal 
small. Ill the Orang, the brow-ridges are small, so that the 
true form of the forehead is seen belter than in tlio oilier 
Apes, but the sagittal and lambdoidal crests are strong. In 
the old male Gorilla tlu^ sagittal and lambdoidal crests, and 
tlie supraorbital ridges, are alike enormous. The frontal si- 
nuses are large, and extend into the brow-ridges bt)th in the 
Gt>rilla and Chimpanzc^c. The jaws arc largest in pioportion 
to the brain-case in the Gorilla and the Orang ; smallest in 
some varieties of Chimpanzee, 

In alL the Antliropomorpha tlm transverse is much less 
than tfie' longitudinal diameter of the eranial cavity. The 
roofs of the orbits project into the frontal portion of the brain- 
case, and diminish its capacity by causing its floor to slope 
from the middle line obliquely upward and outward. The oc- 
cipital foramen is situated in the posterior third of the base 
of the skull, and looks obliquely backward and downward. 
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The frontnls meet in the base of the skull over the ethmo* 
prespliciioIdMl suture in the Gibbons and in the Gorilla, as in 
the Jhiboons ; but not in the Ohimpanzee or tlie Orang. The 
alisplieuoids unite suturiilly with the parietals, as is the rule 
in Miin, in the Gibbons and (usually) in the Oran<>‘s; but, in 
tiie (/himpanzoe, the s<juainosal unites with the frontal and 
se[>:irates the alis|>henoid from the parietal, as happens, excep- 
tionally, in IMan. The nasal bones arc fiat and early anchylosed 
together, in the Gibbons, Orangs, and Chinipanzees. In the 
Gorilla the nasal bones arc distinctly convex from side to side, 
and rise abov<.? the level of the face. None of these Apes have a 
spina nasalis anterior ; and, only in the Siamang, is there a 
rudiment of the mental prominence in tlie mandible. The 
premaxillo-inaxillary suture persists l)oyond the completion of 
the second dentition in all but the. Chimpanzee,' in wliich it 
disappears befon; that period. The (?piotic n\gion is never 
developed into a distinct mastoid process ; and then? is an os- 
sified styloid process only oc(?asionally in the Orangs. The 
]7alato is long” and narrow, the alveolar margins b(3iiig nearly 
parallel, or even div'orging anteriorly. The. zygomatic arches 
are strong, wiile, and cur'V(?d in two directions. 

The proportion of the length of the basi-cranial axis to 
that of the cerebral cavity docs not fall lower than the ratio 
of 10 to 17 in any of the Anthropomorpha, 

The body of the hyoid approaches the form of that of Man 
most nearly in the Oraiig. In the otlicr genera it is more ex- 
cavated posteriorly. 

The scapula of the Orang is most like that of Man, espe- 
cially in tlie proportion of the supra- and infra-spiiious fossfe, 
in tlie proportional leng-tli of the anterior and the 2 :)Osterior 
borders, and in tlie angle made by the sjiino with the verte- 
bral margin: In the oilier genera the posterior border is 
longer in |iroportir)ti tlian in Man, and the spine of the scapula 
cuts the vertebral margin more obi iqu(?ly. After the Oraug’s, 
the scapula of tlio Gorilla comes nearest to tliat of Man. 

On the other hand, the long and straight clavicle of the 
Orang is least like that of Man. 

The head of the humerus loses the liackward inclination 
wliich it has in tlie lower Apes, and becomes directed up- 
ward and inward, as in Man. The radius and ulna are curved, 
and leave a wide interosseous space. There are nine bones 
in the carpus in both Hylohates and Ptthems^ but only eight 
ill the Cliimpanzee and Gorilla. In Hylobates the articular 
surface presented by the trapezium for the |X)llex is almost 
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globular. It is evenly convex in the Ciiiinpaiizec ; but, in the 
Gorilla, it has the characteristically Imman. saddle shape. The 
pollex is longest and strongest in proportion in llylohatcs ; 
its length in proportion to that of the inaiuis being in IT. syn- 
dactylm as tliree to seven. In the Gorilla, the pollex has 
rather more than one-third the Icngtli of the man us ; in the 
Orang and Chimpanzee it has about one-third tlie length of 
the maims. 

The pelvis dilTers but little from that of the Cynomorpha 
in Mylobates, In the other gcm^ra the pelvis is still elongated. 
The antero-posterior diameter of the brim of the pelyis great- 
ly exceeds the transverse, the tuberosities of the ischia are 
strongly everted, and the ]>ubie symphysis is very long, tlie 
arch being correspondingly reduced; but the ilia are vvider 
and more concave forward in the Chim[)anzec than in the 
Orang, and in the Gorilla than in either. 

In the female Cliimpauzee,. \v}vich is of nboui the same size 
as the male, the dimensions of the basin of the pelvis, and of 
its outlets, are greater than in the male, though the general 
form and absolute length of the pelvis are the same in'thetvvo 
sexes. Tlie female Gorilla is much smalhu' tlian tlic male, and 
the pelvis is shorter in proportion, but the intersciatic meas- 
urement of the outlet is absolutely as great as in the male, 
and the transverse diameter of tlie bi*im is nearly as great. 
As, at the same time, the antcro-posterior diameter is imicli 
shorter, the brim of the pidvis of the female is much more 
round. The female Orangs, also, are smaller than the males. 
The basin of the pelvis is relatively, but not absolutely, larger 
in all its dimensions, and the brim rounder. 

The femur of the Orang has no round ligament, and differs 
in tins respect from the same bone in the otlier Anthropomor’- 
pha. The femur of the Gorilla resembles that of Man, most 
especially in the projection of the articular surface of the inner 
condyle beyond the outer. 

The length of the whole foot* to that of the tarsus is, in 
Ilylohates^ as thirty-five to t(ni, and the proportion is about 
the same in the Orang ; in the Chimpanzee it is as twenty- 
four to ten ; and, in the Gorilla, about tlie same (twenty-tliree 
to ten in the specimen measured). 

The hallux has not more than One-fourth of the length of 
the foot ill the Orang ; in the Gorilla loss than five-twelfths ; 
in the Chimpanzee and in Hylobates a little more. 

Ill the second digit of the pes of the Orang and the Chim- 
panzee, the phalanges, taken together, are longer than the 
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metatarsal bone of the digit; in the Gorilla, they are about 
equal in length to the metatarsal. The eah^aiuail j^rocess is 
longest, stzoiigest, and broadest, in tin? Gorilla. In the asti’ag- 
alus the articular siirtace for tlic tibia is broadest iu tlie Goril- 
la ; but, in this Ape, as in the others, it is inclined a little in- 
ward when the foot is in its natural position ; and the surface 
ftzr the external malleolus is oblique, and looks upward as well 
as outward. 

It is a mistake, however, to suppose that the disposition 
of these surfaces has any thing to do with the’ more or loss 
marked tendency of the plantar surlace to turn inward, and 
of tlie outer edge of the pes to be directed downward, which 
is observable in all the jhithroponiorpha. Tins tendeney is 
the result of tlio free articulation between the scaplioid and 
the cuboid, on the one liand, and the astragalus and tlic ealca- 
nenm on the other; the consequence of which is, that the dis* 
tal portion of tlic^ yies, with the. iirst-inentioned bone, being 
pulled by the tibuxlls anticus^ easily rotates round its ow n 
axis, iqzon the siiriace presented ]>y the asti-agalus and’calca- 
neimi. This reacly inversion of the sohMtiust as much facili- 
tate climbing, as it must int(?rferc \vith the steadiness of the 
foot in walking. 

The distal surface of the ento-cuncifdrm is mucii inclined 
inward iu all the Arit^vroponiorp^ha^ and is convex from side to 
side, or sulxwlindricak The metatarsal bone of the hallux jire- 
sents a corresj^onding articular concavity to tin’s surface, and 
has a great range of motion in addnetion and abduction. Tlie 
inward inclination of tlic articular hicct of the enio-ciuuuTornz, 
and its consequent separation from the fac^et uyxm the meso- 
cuneiform for the second digit, is greatest in the Orang, in 
which tlie hallux is habitually directed at riglit angles to the 
long axis of tlu^ foot. The distal phalanx of the liallux is not 
unlrequently absent in tlic Orang. 

All the Anthropomorpha possess certain muscles winch 
are not usually found in Man, though they may occur as vari- 
eties in tiic human subject. Iliese are the levator ckimmiliv^ 
the clorso-epitroehlearis^ the seansorius^^ rmd the ahdi^ctor 
OHsis rnetamrpl (jiilnti dUjiti, They are also devoid of two 
muscles which are usually present in Man — the eo'temor prirni 
hiternodii poUich\ and Wxq po'onarus tertlus. The former of 

* Not actually described in the Gorilla, and absent in some Cbirax>anzces. 

t Tho former muscle is said to be i)rescnt by several anatomists in tho 
Chimpanzee and other Apes ; but wliut they have taken for it is the metacar- 
pal division of the extensor ossis metacurin. 
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these is sometiine^Sj and tlie latter frequently, wanting in tlie 
human subject. 

The jhxor accessorius appears to be^ regularly absent in 
Uylohcites and Pitheciis^ and, in the majority of oases, in the 
Chimpanzee. The transversus pedis seems to be absent in the 
Orang, but it is i)rcsent in the other Antliropomorpha^ 

Many muscles which (>xist both in those Apes and in Man 
have different origins in tlie former. Thus, the solams has 
only a fibular head, and talces no origin fn>ni the til)Ia. Tlio 
flexor brer is diyitoruru pedis never arises altogether from the 
calcancum, but a hirge proportion of its fibres spring from the 
texadons of the deep flexors. Tlie calcaneal liead furnishes the 
tendons for the second, or the second and tliird, digits. The 
interosseous miisclo which lies on tlui iibial side of the middle 
digit of the pcs, usually arises from the fibular side of the sec- 
ond metatarsal as well as from the tibia! sid(5 of its own meta- 
tarsal, audits origin lies on the dorsal side of that of the fibu- 
lar interosseous muscle of the second digit. Hence, of the so- 
called dorsal irderossei (or interossei whi(di are visible on the 
dorsal aspect of the pes) two belong to tlic middle digit, and 
one, to the second and fourth digits resjxectively ; which is 
the same arrangement as tliat whicli obtains in the maiius, 
Thoflxxor poll ids is rnoi'c or less closely connected with tlie 
flexor commwiis per/bramy or witli tliJit p:irt of llio muscle 
which goes to the index digit. Tlie connection is slightest in 
ITi/lobu ’e-^ tlie origins of the two muscles, only, being united. 
It is most extensivO in the Orang, in whiijli no tendon goes to 
the pollex. The same coriqilete loss of the flexor polUciSy as 
a thumb-muscle, occasionally takes place in t lie Gorilla ; but 
in this animal, as in the Chimpanzee, the rule appears to be, 
that the flexor pollicAs unites at its ox’igiii witli part of the 
flexor per for that the fleshy fibres con vcjrge to a com- 

mon tendon which divides into two, one for the pollex and 
the other for the index. In ITylohates^ tlie short head of the 
biceps hrachii arises from the pcctoralis major^ and the ad- 
ductor haUucis and tra?isversus pedis form but one muscle. 

The flexor longiis haUueis takes an origin from the ex- 
ternal condyle of the femur in the Orang ; and the pectorcUis 
major arises by three distinct slips. 

Some of the muscles in the Anthropomoiplui differ in 
their insertion, or in the extent to which they are subdivided, 
from what is usual in the corresponding muscles of Man. 
Thus the extensor ossis metacarpi pollicis ends in two d istinct 
tendons ; one for the trapezium, and the other for the base of 

i8 
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the metacarpal bone of the pollex. That pirt of the tihialis 
aiiticiis which goes to the metatarsal of the hallux is usually 
very distinct, and is sometimes reckoned as a separate muscle, 
the abductor longiis IiaUucls, 

In the Gibbons and in the Orang, tliere is a complete set 
of deep extensors for the four ulnar digits, the tendons of the 
extensor indicis and extensor minimi digiti subdividing to 
supply the third and fourtli digits. 

In the Gorilla and Chimpanzee each of tlicse muscles have 
but a single tendon, as is the usual arrangement in Man. 

The interossei of the hand are each divided into tAVO mus* 
cles with distinct tendons — ^ flexor hrevis prinii internodii and 
an extensor brevis tertii internodlL The division is less obvi- 
ous in the Orang than in the other Antliroporaorpha, 

\vi Ilylohates^iXxo. tendon of flexor pjer for ans pjed is 

onh'' to the fifth digit, and is not directly connected with that 
of the flexor longus halkuris^ which supplies the other four 
digits. In the Orang, also, tlic tendons of the two muscles are 
separate; but iho flexor perforans s\vg\)\ic^ the second and the 
fifth digits, and the flexor haUiicis tfic third and fourth. It 
gives no tendon to the hallux. In both the Chimpanzee and 
the Gorilla, a very large tendon is given to the hallux by the 
flexor hallucis^ and it also suppli(3s the third and foiiith digits. 
The tendon of flexor longns digltorum is but slightly con- 
nected with that of flexor haUueis^ and its divisions go to 
the second and fifth toes. In botli the manus and the pcs of 
Ilylohates a muscle occurs which is not, at present, knoAvn in 
any other Mammal. It arises from tlie second metacarpal or 
metatarsal bone, and is inserted by a long tendon into the pre- 
axial side of tlic ungual phalanx of the second digit ; it may 
be termed abductor tertii hiternodu secundi diyitiy 

The Orang, in like manner, stands alone in possessing a 
small but distinct ojjponems haUueis.* 

The volume of the brain, in the Orang and in the Chim- 
panzee, is about twenty -six or ivventy-seveu (aibic inclies ; or 
about half the nnniraum size of a normal human brain. In the 
Gorilla, the volume rises to near tliirty-five cubic inches. In 
the Gibbons tlie brain is very much smaller; and the Siamang, 
among these, is remarkable for the short posterior lobes of the 

♦ It must be home in mind that these statements respecting the myology 
of the Anthropofnorpha are based upon my own dissections (sometimes sup- 
plemented by those of Duvernoy and other anatomists) of particular speci- 
mens. Endless varieties will no doubt be met with by those who carry their 
Inquiries further. 
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cerebrum, which, in tliis anthropomorphous Ape, do not over- 
lap the cerebellum, as they do in all the others. 

The cerebral liemisphcres are higher in proportion to their 
length in the Orang than in the other Anthropomorpha ; but, 
in all, they are elongated and depressed, as compared with 
tl lose of Man. Tlie frontal lobes taper off anteriorly, and their 
inferior sinfaces arc excavated from without downward and 
inward, in correspondence wdth the projection of the upwardly 
convex roofs of tlai orbils into tiio c-ranial cavity, '^riio pos- 
terior cornu of the lateral ventricle is always well developed, 
and contains a prominent hipjiocampits minor and eminentia 
coUateralis, An oecipito-temporal or external perpendicu- 
lar” sulcus is always present. It is most nearly obliterated in 
the Orangs. All tiie gyri of tlie human brain are reprc'scnted 
in the cerebral hemispheres of tlie Chimpanzee ; but they are 
simpler and more symmetrical, and larger in proportion to tlie 
brain {see l^igs. 21 and 22). The fissure of Sylvius is less in- 
clined haiikward, and that of Kolando is placed more forward 
than in Man, The insula lias simpler and fewer radiating sulci, 
and is not completely liidden by the temporal lobe. Only the 
second, third, and fourth annectoiit. gyri a])poar upon the sur- 
face. The first remains folded upon itself, and gives rise to 
the charactoristlcally simian oecipito-temporal or external per- 
pendicular sulcus. The occijiito-parietal sulcus, on the inner 
face of the lieinispherc, is much more nearly perpendicular 
than in tiic human brain. The corpus callosum is relatively 
smaller; tlie septum luciduin is very thick, and the precom- 
missural fibres are well developed. The vermis is small in 
proportion to the lateral lobes of the cerebellum, ami the ffoc- 
culi are relativch' small, and lie below tlie latfer. 

The whole cerebellum is larger in proportion to fhe cere- 
bral hemispheres; the latter being to the former, as to 1 in 
Man, but as to 1 in the Chimpanzee.* The nerves are 
larger in proportion to the brain than in Man. There arc no 
corpora trapezoldea^ such as exist in the lower Mammals, and 
ihe corp07Xf, alhlcantia are double. 

In.' all the A nthro^jornorpha^ the inner incisors arc larger 
than the outer, in the upiier jaw; smaller in the lower jaAV. 
There is a diastema, though it is often but small in the female 
Chimpanzees, The canines are large and strong, and may be 
grooved lougitudinally on their inner sides. Tlie premolars 

♦ it must be recolleeted that the brains of young antliropomorplious 
Apos, only, have been examined. Perliaps this has to do with the absence of 
mineral deposits in the pineal gland of the Apes. 
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have three roots in the upper jaw, two in the lower. The 
crowns of the middle molars, above, have four cusps, and an 
oblique ridge whicli extends from the aTitero-external to the 
postero-iriternal cusp ; and those of the middle molar, below, 
hav'c fu’^o ciisp.s, as in Man. The crown of the anterior premo- 
lar in the lower jaw is pointed, and has a long, sharp, ob- 
li;|uo anterior edge as in the CynoraorpJia, 

In the Gibbons, the perinanont canine emerges contem- 
poraneously with, or before, the last molar; ljut, iu tlic other 
A.nt}trop()itiorphu^ the last permanent canine is ctil:, ordinarily, 
only after the appearance of the last molar. 

In the Orang the circumvallate papilhe of tla^ tongue are 
arranged in a V, as in Man. In the Chimpanzee they arc dis- 
posed like a T, with the top turned forward. The Chimpanzee 
and tlie Siama ng have a uvula, but the Orang has none. 
The stomach of the Chimpanzee is very like that of Man ; but 
in the Orang the organ is more elongated, with a round car- 
diac and more tubular pyloric portion. An apperullx vermin 
^formis is found in the caKuini of all four genera. In the 
Chimpanzee and Gorilla, the origin of the great arteries from 
the arcli of the aorta takes place as in Man. Iu t]K3 Orang, 
tliey are sometimes disposed as in Alan ; while in other -speci- 
mens the loft carotid comes off from the irmominata, and only 
the subclavian of the hdfc side arises directly from the aorta. 
In Hj/lobates^ t]i(3 latter* arrangtanent appears to obiaiii. 

The kidney lias only a single papilla in Ilylohates and 
Pithems, 

Only one species of Ilylobatcs^ namely, the Siainang, is 
known to possess a laryngeal sac. This is globular, and com- 
inunioates l>y two apertures, situated in the thyro-hyoid mem- 
brane, with the larynx. In the Orang, Chimpanzee, and Go- 
rilla, enormous air-sacs result from the dilatation of tlie lateral 
ventricles of the laiynx. Tliose dilatations extend down, in 
front of the throat, on to the thorax and even into the axilla), 
and sometimes opcai into one another in the middle line. 

In the adult male Chimpanzee the penis is small and slen- 
der, and teriniriates in a narrow and elongated glans. The 
testes are very large, and the comtnnnication between the 
tunica vaginalis and the peritonaeum is completely closed. 
The glans penis of the Gorilla i.s button shaped. In the 
Orang it is cylindrical, and tlie testes are situated close to the 
inguinal canal, which has been found open on one side, and 
closed on tlic other, An os penis is developed in the males. 

The females have the clitoris large, and the uterus, which 
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is uadiviclod into cornua, resembles that of the human subject. 
The placenta of a Chimpanzee ftetus. 11^ inches long, was sim- 
ple, rounded, 3^ inches in diameter, and O.G inch thick in the 
centre. The umbilical cord was inserted near one of its edges. 

The proportions of the limbs to one another and to the 
body do not sensibly chang(3 after birth ; but the body, limbs, 
and jaws, enlarge to a rmicli greater extent than the brain-case. 

The ainouiit of variation in the characters of the skull 
among the Ghiinpanzec^s, Gorillas, and Oraiigs, is exceedingly 
remarkable, especially if taken in connection with their very 
limited areas of distribution. 

Of the four genera of the Anthropomorpha^ the Gibbons 
are obviously most remote from Man, and nearest to the (Jip 
riopitJtecinL 

The Orangs come nearest to Man in the; number of the 
ribs, the form of the cerebral licmisphercs, the diminution of 
the occipito-tcrnporal sulcus of the brain, and tlio ossified 
styloid process ; but they diiTcr from liiin much more widely 
in other respects, and especially in the limbs, than the Gorilla 
and the Chiuipaiizco do. 

The Chimpanzee approaches Man most closely in the char- 
acter of its cranium, its dentition, and the proportional size 
of the ariris. 

The Gorilla, on the oth(;r hand, is more Man-liko in the 
proportions of tlic leg’ to the body, and of the foot to the 
hand ; further, in the size of the heel, the ci.u vature of the 
spine, the form of the pelvis, and the absolute capacity of the 
cranium. 

c. The; A:)iiJ\;ropid(ji3 are reprcsoiited lyy the single genus 
and s]iecies, Man, and they are distinguislnal from the 
iSlniiadm^ and especially the Anthr()pomoridta^ by the follow- 
ing characters: 

In progTcssion on the ground, the erect posture is the 
easiest, and no assistance is given l)y ttie arms, which arc 
shorter than the legs. After birth, the proportions ot the body 
alter in consequence of the legs growing faster than tlie rest 
of the body. In consequence, the middle point of the lieight 
of the body — which, at birth, is situated about the umbilicus 
— becomes gradually lower, until, in tlie adult male, it is as 
low as the symphysis puhls. 

In the inanus, the pollex is strong and long, reaching* to 
tlie middle of the basal plialanx of the index digit. In the 
pes, the tarsus takes up half the letigth of the foot ; the cal- 
caneal process is long, and expanded posteriorly. The liallux 
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has lialf the length of the foot, and is nearly as long as the 
second digit; and its mobility in adduction and abduction 'is 
sliglit, compared with that of the hallux of the other l^rimates. 

Hair is more abundant upon the crown of the head ; and, 
us nail}’', in the axiilie, the pubic region, and the front part of 
the thorax, than elsewhere. 

In the new-born infant the whole dorso-lumbar region of 
the spine is eoncav^e forward, and the vertebro-sacral aiiguhf 
tion is slight ; but, in the adult, the spinal column is concave 
forward in the thoracic, and convex forward in the lumbar 
region, mainly in consoquence of the disposition of the elastic 
ligaments wlii(?h connect tlic faces and tlie arch(?s of the vor- 
tebrie. Tlicre is a strongly-marked veriebro-sacral angulation. 
Nonnally, there are twelve dorsal, five lumbar, five sacral, and 
f(mr coccygeal vertebne, and the transverse proci^sses of the 
last lumbar vertebra arc not expanded or directly connected 
with the ilia; but, in these respects, variations occur. 

The spinous processes of the middle cervical vertcibrie arc 
much shorter than tlie seventh, and arc usually bifurcated, 
TJie breadth of tlie sacrum is greater than its length. In the 
skull, tlic occipital condyles lie %vithin tlie middle lifth of the 
base, and the occipital foramen looks downward, and either a 
little forward or but slightly backward. Neither sagittal nor 
larnbdoidal crests are developed, but the mastoid processes 
are distinct, and generally conspiemous. The supraorbital 
ridges are nev'cr so largely developed as in some of the Ati- 
iliropoinorplia. The orbits and the jaws are relatively smaller, 
and situated loss in front ol^ and more below, the fore-part of 
the brain-case. A ^pina nasalls anterior is almost always 
present ; and, in the profile view' of the face, the nasal bones 
])roject more bi^yond the level of the ascending process of Ilje 
maxilla than they do in any Ape. The palate is broader and 
its contour more arched than in any of the Ant/iropomorplui. 
Its posterior margin is ordinarily produced in the middle line 
into a spina nasalls pyosterior^ and the palato-inax illary suture 
is directed transversely. 

The distance between the zygomata is cither less than the 
greatest transverse diameter of the calvaria, or exceeds it but 
little. Tlie malar is dee[)er than the squamosal portion of 
the zygoma, and tlie upper edge of tlie zygoma is but little 
cuiTcd. 

* Thi} only Immiin skull in wbicU I have boon able to lind no trace of the 
existence of the anterior nasal spine, is that of an Australian, which, soiQO 
years I presented to the Museum of tlie Royal College of Surgeons. 
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The post“gleiioidal process of the squamosal is small, while 
fche auditory foramen is vertically elongated, its anterior wall 
being more or loss flattened. 

The interorbital space occupies about one-fourth of the 
interval between the outer walls of the orbits. 

The planes of the orbital sarfacos of the ethmoid bones 
[ossa plami) are nearly parallel with one another. 

The symphysis of the lower jaw has a mental prominence. 
The lengtli of the cjcrebral cavity is more than twice that of 
the basi-cranial axis. 

After birth, no trace of the premaxillo-maxillary suture 
rerniiins upon the face, tlioiigli it may persist in the palate. 

The nasal suture usually persists, and tlio direction of the 
fronto-nasal suture is ncarl}^ transverse. 

The cntnlo-faoial angle does not exceed 120*^, and in the 
higher races of mankind does not go inueli beyond 90^^, 

The supra-orbitnl plates of tlie frontal bones project but 
little into the frontal region of the brain-case, and they are 
almost horizontal, instca(l of being strongly inclined upward 
and outward, as they arc in the AnthTopoiiunpha, The cri- 
briform plate is long and wide, and the crista galli is usually 
prominent. The capacity of the brain-case of a liealthy adult is 
invariably more than forty cubic inches, and maj^ rise to more 
than a imndred cubic inches. 

The scapula is broad in proportion to its length, and its 
spine cuts its vertebral edge nearly at right angles. The ilia 
arc very broad; their inner faces ])resenb a w^ell-marked con- 
cavity, and tlieir crests an S-shaped curvature, A line drawni 
from the centre of the articular surhice of the sacrum to the 
centre of the ucctaliulum makes nearly a right angle with the 
chord of the arc olfereil by tht; anterior face of the sacrum. 
Ill all the Anthropomorpha this angle is much more open. 

The tuberosities of the ischia are hardly everted, ITie 
symphysis pubis is comparatively short, and the sub-pubic arch 
well marked. The width of the wdiole pelvis, from one iliac 
crest to the other, is grea-ter than its height, which is the re- 
verse of w hat obtains in the Apes, The transverse diameder 
of tlio brim is usually not exceeded by the antero-postorior 
diameter, iJiough the contrary proportion oeeasionally obtains. 
The female pelvis is more spacious, and has a wider sub-pubic 
arch than the male. 

The proximal arti(uilar surface of the astragalus looks 
almost directly upward, and hardly at all inward, when the 

^ See p. 420 for the explanation of this term. 
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sole is flat upon the ground ; and tli<3 lateral facets are more 
nearly at rigid angle's to this surface than in any Ape. The 
inner and outer malleoli arc stronger and more downwardly 
produced. The calcaneal process is thick, strong, enlarged at 
its liinder end, and not incurved inferiorly, l)iit j)roduced into 
two tuberosities on whicli the heel rests. The form and dis- 
position of tlic astragalar, navicular, and calcaneo-cuboid 
articulations are such that the distal inoicly of the tarsus is 
capable of only a sliglit rotatory inotioti the proximal 

portion. 

The distid articular surface of the ento-cnneiforni bone is 
very nearly flat, tliough it lias a slight convexity from side to 
side, and is irregularly concavoconvex, from above downward. 
The comparatively slight mobility of tlio inetaiarsal bone of 
tlie hallux arivSes partly from this circumstance', partly from 
the fact tliat the proximal ai-ticular surfaces of the four outer 
metatarsal bones are not perpendicular to the axis of those 
bonc?s, but arc obliquely truncated, from the tibial side, ])ack- 
v»"ard, to the lilmlar side. Pleucc tlio four outer metatarsal 
bones, instead of diverging wididy frr>in the hallux as they 
would do if their axis were per})endi<.-iilar to the distal facets 
of the meso- and cnto-cuneiform and cuboid liones, take a direc- 
tion inoix? nearly parallel Aviih the mcfatarsal of <he liallnx, 
and the base of the scicond metatarsal, as it were, blocks the 
latter, in adduction. Th(3 ludhix tliiis loses most of its pre- 
liensilc functions ; but, in exchange, it plays an important 
part in svq^iiorting tlio v eight of tlie body, which, in the erect 
position, IVdls on i hree jiarls of ihc pes ; namely, the heel, the 
outer edge, and ilie integmnontary pad which stretches be- 
luaith Ihc in<‘tatarso-p]»alangcal ari icuLitions, from the hallux 
to the jifth digit. 

In tliC liifant, tlie solo naturally turns inward, and tlie 
digits (especially the liallux) I'etain much of tlieir mobility. 

The only muscles which exist in Man, but have not yet 
been found in any Ape, arc th<3 c^tofsor primi Irtternodl poU 
llcAs and t\\e ]:fer<}n(mis tcrllits. 

The only peenliarilics in the origin of muscles which ordi- 
narily obtain in Man, and have iKit yi't been fouml in the Apes, 
are — tlio c(,)m]>lcte sejiaralion of \\\o ^wiJ Ims Ion f/us h orn 

xhejfexor dujltornm parforan^ the presen ce of a tibial, as well 
as of a flbular, origin of the solcus ; the origin of all four heads 
oi flexor hrexils d-^^^ IVom the calcancum ; the 
origin of the libiihi hiterosmus of the second digit of tlie pea 
from the middle metatarsal, on the dorsal side of the tibial 
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mterosseus of the middle digit. Tfjc result of the last-mi n- 
tioDcd iiiTuugiuiieiit is that the seeoiul digit of the pes has 
two “ dorsal ” iirlerossoi, like the third digit of the inaTius. In 
the Apes the mterossei of the second digit ai'o gcjieralJy ar- 
ranged in the wsame way in both inanus and pes. 

The tendons of the fxxor JiCfllu*:is lojn/ifs ajid Jlcxor tdiji- 
torinn perforans arf^ usually niorci closely coriuecied in the 
sole of the foot in xMan, than in Ihe Jlut 

it is to 1)0 liotod that all t’n^ aj)])arent}y tlistincti\'c peculiari- 
ties of th(' myology of tlie Ahtliropohiiyrplio are to be met 
with, oceasionallvj as varieties in Man. 

In the brain of Man, ihe mily distinctive* features, apart 
from its absolute si/e (o5 to 115 cubic inches), are the filling 
up of the occipito-leinporal fissure ; the gieaier eoinpl(*xity 
and less sv'inmetiy of the other suh'i and gyri ; tln^ less exca- 
vation of the orbital face of the frontal ]ol)e ; and the larger 
si/c of the cerebral lienvisj)hercs, as compared with tlie cere- 
bellum and the <*erel)ral maves. 

There is no diastema, tlanigh the summits of the canines 
project, slightly, beyond the leva*! of the oth(*r teeth. The 
premolars have not more than two roots, and the anterior edge 
of the crown of the anterior lower ])reinolar is not i^rolonged 
and sharp. j'a/rinanent canine iootlj emerges before ihe 

second molar. 

The penis is devoid of a bone (though a prismatic carti- 
laginous body has occasionally b<*(*u found in tlie cenlrt^ of the 
glans), and its glans has a dillerent sha])e from that of any of 
the AnthropQm()rpha, The vulva looks downward and for- 
ward, and tlie clitoris is coniparativ ady small. 

dlie changes in tlie* proportions of the ditrerent parts of t he 
body, at di HV‘rent jaa-iods of intra- and extra'nteri]K^ life, are 
very remarkable. In a hetiis an incii and a half long, from the 
vertex to the licel, tlie head takes np from onc-tliird to one- 
fourth of the entire length. The arms and logs are of about 
the vsamo length, and arc shorter than the spine, Tiu; for<*arm 
is about as Jong as the upjier arm, and the leg as liie thigh. 
The manus and pes are very similar in size and form ; and 
neither pollex, n^^r hallux, are sodilforent from the other digits 
as at later jieriods. Jn a foetus rather more tJian five inches 
high, the })ead occupies a fourth of the entire height; the 
avtns arc longer than the spine by one-sixth of their whole 
length, and are a little longer tlian the legs. 'Jdio forearm is 
alxait as long as the upper arm, and the ihigli is a little longer 
than the leg. The maims and pcs are about equal in length. 
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In a footus ciglit and a half inches high, the head measures less 
than a fuurlli of tlio whole height; tlie arms arc longer than 
the spine by a fourth of their whole length, atul tliey are longer 
than the legs. The extremities of the digits reach down to 
tlio kticc when the body is erect. 

At full term, the height of the head of the human hetus 
is rather less than a fourth that of the whole body, and the 
legs are longer than the arms. The arm is longer than the 
foreann and the thigh than the leg. The hands and the feet 
are still about equal in length. 

Tlius it would appear that, while the head grows more 
slowly than the rest of the body, tlu’ough out the period of ges- 
tation, after the embryo has attained more than two inelies in 
length; the arms grow proportioiiall}^ quicker than the body 
and legs, in the middle of gestation, wlien the proportions 
most nearly res(jmldc tlioso of the In the 

latter part of the? period of gestation the legs gain on tliearms, 
and the proximal si^ginents of the limbs (>n the distal ones. 
After birth iliesc changes are continued. The adult has, on 
the average, three and a half times the height of the new-born 
child, and his arms ai-e elongated in tlio same proportion. 
But the head is only twice as larg*e, while the legs of the adult 
are five times as long as tliose of the child. At all ages after 
birth, the distance between the extremities of the digits of 
the on is tre tolled arms is equal to the height in average Eu- 
ropeans. 

Sexual dificrenecs, independent of the genitalia, are per- 
ceptible at birth ; and the female infant is, as a rule, slightly 
smaller than the male. Those differences become more inaihed 
at, and subsequent to, puberty ; and are scon in the smaller 
stature of the female, tlie larger size of the liead in proportion 
to the stature, the shorter thorax, the longer abdomen, and the 
shorter legs ; so that the middle point of th(^ stature of the fe- 
male is nearer tlie umbilicus than in the male, Tlio liips arc 
widen’ in proportion to the shouhiers, wlieuce the femora are 
more oblicpa?. The ridges and nuisciilar processes of all the 
bones are less marked, and the frontal contour of the skull is 
more sharply angulatcd. WHicn the peculiarities of the female 
sex are not conru^cted with reproduction, they may be said to 
be infantile. 

The different jicrsistent modifications or “races” of man- 
kind present a very considerable amount of variation iii their 
anatomical characteristics. Tlio color of tlie skin varies from 
a very pale reddish brown — of the so-called “ white ” races — 
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tliroug’h all shades of yclhnv and rod browns, to olivC; and 
cliocolute, whioU may be so dark as to look black, 

Tlie hair diflers niucli in its cliaractor, Laving soniel-iincs a 
circular, sometimes an oval or flattened transverse section, and 
presenting* all varieties, from cxtrenic length and straiglitness 
to short, crisp wool. 

The hair on tlie scalp is longer than that elsewhere ; and 
it is very often, but not always, longer in the female. Hair 
upon the lace and body is scanty in most races, and almost 
absent, cxoe})t in tlie eyebrows, in some ; but in others it be- 
comes greatly developed over the lips, chin, and sides of the 
face, on the tliorax, abdomen, and pubes, in the axilla?, and 
soiiietiines, though inoro rarely, upon tlie rest of the body and 
limbs. When liair is developed upon the limbs the points of 
tlie hairs of the arm and forearm slope toward the elbow, and 
those of the leg and thigh away from the knee, as in the An- 
throp<miorpha, 

Enornioiis iioenmuhitions of fat take place upon the but- 
tocks of tlie Jlosjesiiien, cispocially in the females ; and the 
nymphiC of these and some other Negroid tribes become great- 
ly elongated. 

It appears in some of the lower races, e, g., Negroes and 
Australians, tlie forearm and Jiand, and tlie foot and leg, are 
often longer in projiortion tlian in Europeans. From nob 
wearing shoes, tlie hallux is much more movable in these 
races, and ihe foot is commonly cmploy(?d for prehension. 

There is no proof of what is so commonly asserted, that 
the heel is longer, in proportion to the foot in Negroes. 

Tlie spines of the middle cervical vertebne sometimes 
cease, more or less completely, to be bifurcated in the lower 
rac(?s. Thirteen pair of ribs are sometimes present, and occa- 
sionally there is a sixtli lumbar vertebra. There may be one 
more sacral vertebra than the normal numb(?r ; and a modih- 
cation of the last lumbar, so that it resembles a sacral verte- 
bra, and becomes connected with the ilia, s<?cms to be more 
common in Australians and Bushmen than in other stocks. 

In the lower races, the male pelvis is less in many of its 
diiiKMivsions, and seems to differ more from the female, espe- 
cially in the tendency to equality of the trans\ ersc and antero- 
posterior diameters of tlie brim, and the nr.rrowru^ss of the in- 
tersciatic diameter, than in the higher races. This is particu- 
larly obvious among' the Australians. The anti^ro-posterior 
diameter of the brim of the pelvis is occasionally greater 
than the transverse, and this variety would seem to be com- 
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monof among- the Bush women of South Africa tluin else- 
where. 

But it is ill the skull that tlic difTercnt races of inanklncl 
present the most striking ostcological dinbrenees. The pro- 
vortions of the antero-posterior and tlie transv-erse dinumsions 
of tlic liraiiecaso vary extremely. Taking tlie antero-post(*rior 
(tianicler as JOG, the transverse diameter varies from 08, or 00, 
to 62. Tlu^ rjimil)er wliicdi thus expresses tlie proportion ol 
the transv'crse to thci longitudinal diunu-tc'r of the brain-case 
is called the cephalic index. Those peojde who possess crania 
witli a cephalic index of 80 and above are (‘ailed hrachy^ 
cepliali / tlioso v ith a lower index are elolichocephedi. The 
brain-case also varies greatly in its relative Iieiglit. The pro- 
portion of the length of tin*. (Ha-ebral <d) amber t o the basicranial 
axis (as 100) may rise to 2V0 in th.e higher, and sink to 230 in 
tlie lower races ; and there are great div<n*sitics in the extent 
to whidi the* (:*c‘j‘cbral c^aNity is rotated backward or forward 
upon lids axis. The position and the asjiect of the occipi- 
tal foramen vary ccaisideralily, as doc^s the plane of that part 
of the squama occljntls wliich li('S above the superior semidr- 
oular ridge. The su])ra-ciliary ridgc'S vji ry gn^alJy in their 
devidopment, and in the exttnision of the irontal sinuses into 
them. They are nearly or (piito solid in rnan}^ Australian skulls. 

In the size, form, and disposition of the facial boiu^s, the 
dilTcirent races of mankind present great diversities. A lino 
drawn from the anterior extremity of the jiremaxilia to the 
anterior extremit y of the basicranial axis, may lx* taken to 
re})resent the faded axls^ and the angle inciuded between 
these two is the cramofa.ded angle. It varices with th (3 extent 
to which tlie fa(*e lies in front of, or below, tlic* anterior cud of 
the cranium, from less than 90^^ to 120'^. When it is great, 
the facti is prognathous; when it is small, the hicc is orthog* 
nathous. This is the fuiid;imcntal condition of prognathisni 
or orthognathism. A secondary condition is the form of the 
alveolar portion of thc^ upp(*r jaw, whic*h, so far as it is ^(n*- 
tical, tends toward ortliognatliism ; but, so far as it is oblique 
and produced, tends to prognathism. 

'File arch formed by tb<‘ teeth is, in the most orthogna- 
thous races, wide and evenly rounded ; while, in tlie most 
prognathous, it is prolonged, and its sides are neaily parallel, 
llie teeth thcinselves two niudi larger, th(> roots of the pro- 
molars and molars more distinct, and the liindcnnost molar 
not so small relatively to the others, in some of the lovvei 
races, notably the Australians. 
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Tiio menf.al prominence may pro ject bciyond the lino of 
the verti<jal alveolar margin of tlio mandible, in the higher 
races, or it maybe almost obsolete, jind the alveolar margin 
may be greatly iaclined forward, in the lower. 

The dilTcrent races of mankind arc divisible into two 
primaiy divisions; the ?y7o67a7//, vvitli cris]) or woolly hair, 
and the Leiot>ru‘Iii\ with smooth luiir, 

a. The color of the JTlotrioId varies from yellow-brown to 
the darkest line known aitaing men. 'rhe hair and eyes are 
normally dark, and, with only a ((‘w ex:(M^j)tions (among the 
Andaman Isl.inders), they are di.dlcJiorrphiilL The Nc^groes 
and tbishmen of ultra-Saharal Africa, and tlic Negritos of tlie 
Malay peninsula and andiipelago, and of the Papuan [slands, 
arc the mcmlicrs of this N^e/fi'okl stoc'k. 

/>. Tiie Lelotrk*hl are divisiVde into — 

1. The gn)ii{), with dark skin, li iir, and eyes, 

wavy black hair, and eminently long, prognathous skulls, 
with well-developed brow-ridges, who arc found in Australia 
and in the Deklian, The ambient P^gyplians a[>|)(\ar to mo to 
hare been a modification of t his race. 

2. The Mongoloid group, with, for the most part, yellow- 
ish-brown, or r<Mldish-brovvn, skins and dark eyes, tlie hair 
being long, blick, and straiglit. Their slvulls range between 
the extremes of dolicliocephaly and those of brachjmcphaly. 
These are tlie Mongol, Tibetan, Chinese, Polynesian, Esqui- 
maux, and ^Vmorican races. 

o, TIkj X<in.t/wcJi/rolc group, with pale slvins, blue eyes, 
and abiiiulant fair hair. Tlieir skulls, like those of the Mongo- 
loid group, range between tln^ extremes of dolicliocephaly and 
hracbyce])haly. The Slavonians, Tcnitons, Scandinavians, and 
the fair Celtic-spcakiug {leople are the chh^f representatives 
of this division ; but tiny tend into North Africa and West- 
ern Asia, 

4-. The dark whites, or Mdanoohrfd ; ]i:ile-com[)lexi:>ned 
people, with dark hair and eyes, and genc’raUy long, but 
sometimes iiroad skulls. These arc tlui llierians and black 
Celts ” of Western Europe, and the dark-complexioned 
white people of the shores of the M<‘(ljterranean, Western 
Asia, and Persia. I am disposed to tliirik that the Melano- 
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cliroi are not a distinct group, but result from tbe mixture of 
Australioids and Xantliochroi. 

Fossil remains of Men or implements of liumau manufac- 
ture have hitherto been found only in late Tertiary (Quater- 
nary) deposits, and in caves, mingled with the remains of ani- 
mals which lived daring the glacial epoch. 
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Salnio, cand.al extremity, 20. 
Sccretary-hird, sknil, 245. 

Shark, aortic bulb, 108. 

Sheep, stomach. 328. 

Skate, brain, IIS, 

S[)atulari.a, skull, 128. 

Sturgeon, skull, 124. 

'I’adpolc'a, 1<{5. 

Porpodo, 55. 

Treuiab^saurus, skull, 1.55. 

Turtle, lie.art, 2(55. 

plastron, 1T5. 

skull, 175-177. 

Vertebrate biaiu sretions, 5G, 57. 

AVUale, skull, 337, ;338. 

Dicynodoutias, 222, 

Didoipbi:v charactcrisf ica 270, 

]>ocalj.aritics of, 277. 

stomach of, 230. 

Digits of antbropouiorplia. 405, 40S. 

— - bat, 34. 3S5, 3s7. 

birds, 254. 

cvuotuorplia, 401. 

dog, 351. 

laccrtiliii, lOG. 

lermiridje, 389. 

— — man, JP}. 

— -- marsupialia, 279. 

— muscles of, 50. 

rabbit, 371. 

seal .and turtle, 34, 3G2, 

Dinothcriurn, 300. 

Dijmoi, 145. 

Dog, awatomv of, 353. 

digits, 554. 


Dolichosauri.'i, 190. 

Dromanis. pelvis and Innd-limb, 228. 
Diigoiig, heart of, 332. 

E. 

E au, 74. 

bones of u liale, 338. 

in saurop.sida, 202. 

/SVvi Hearing-, org.ans of. 

Edoiitata cntoTiiopliagiv, groups and charac* 
ter! sties of, 287. 

■ extinct, 28G. 

lorir.ata, 2s9. 

mutica, 287. 

— — jjli.vt.ojdiiiga, characteristics of, 282. 

squaniata, 2SS. 

teeth ot* 282, •2S0. 

tubnJjdentafa, 2.88. 

I'gg, development <>!', 9. 

Elasioobrandiii, 111. 

Kk'ctrical organs, 51, 5.5. 

Elepliant, skeleton of, 301, 

,Sc e 1 Vo I >o<c i t lea , 

Ibntu-yo of vorteVvruta, dovelopnieut of, 10. 
JOneephalon, .55. 

Endo.skeleton. segment of, in fhoracio reg-ion 
. of a erocotlile, 19. 

— — of vertebra ta. 11. 

Entoino[>haga, 287. 

I’occno hirnta, didelphidic in. 2S0. 

extinct mannnals oil 320, 

fo.ssils of t>quida* in, 30.5, 300. 

fossil rodctiis of. 375. 

Kpiskelctal Tuuscies, 44. 

Jvpiidie, fos.sll, 305. 

t'iiorses and, !isse>>) general charae'rcris- 

ties of, 29.5, 

AV'C Horse. 

KxosKeleton, 39. 

in bii d.s. fishes, rci>tilo.s, .anil mummal.Sj 

40 13, HIS. 235. 

of ivpHli.'i. 107. 

.Lye-mu se.lcs ofsauropsula, 2.59, 

slrticturo of, 72. 


Eai'i;. bones of 27. 

«,t’jn!in, 414. 120. 

Facial imnsclrs, 07. 
b'eathers. 235. 

Femur ^»f the horse, 301. 

Fins of ji.shes, 3: . 40. 

Fi.shcs. elccti'ical organs of, 51. 

grou]>s in cljifas, i03. 

iimiis, 37, 

muscular system, 45. 

ray like bones. 29. 

skeleton of visceral arclies of osseous 

li.'ih, 78. 

8kun, 21, 30. 

Fissipedia, gent'r.al ehaivictc n.stics of, 351. 
Elfdbsbes { pfcitroHi'r/iffir \ 30. 

Flying-lbx, skeleton of 38.5, 

Fo'bil aiipentfages of vertebi-at.a, 12. 

PiTtns, htunau, yriaDgcment of principal VCB* 
Boks in. 85, 

Foot of antliroponiorjdia, 407, 410. 

horse, 29.5, 298. 

t man, 415. 
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Fossils in cTialk, 197, 109, 214. 

— — oocono stnita. 260, yoO, 306, 820, 37o. 

lias, 160. 214.' 

human, 421. 

imvso/oic formation, 1S5, 187, 105, 221, 

227, 226. 28(). 

miocono formation, 806, 807, 309, 312, 

820. 826, 820. 

jxTitiian formation, 1!)."). 

post-triassic fonruitiou, 1S5. 

_ tt La.ssic fonuutlon, 105, 214, 221,222,261. 

Fowl, stages of dovoJoi>irient oi; 12, 17, 21, ‘23. 

j)»‘lvis, 2f)0. 

ficapul.'i ami coraooul, 247. 

skull, 212. 

sternum, 241. 

tibia and libula, 252, 253. 

Frog-, aortk; areli of, Sl- 
^ hrain, 162. 

C(n-(!bro-sj[>inal and sympatltetic norvou.s 

systjun, 65. 

— ^ circulation of blood, IGO. 

larva, 165. 

skull. 152, 1.5:), 

stornnm and pectoral arches, 156. 


c;, 

O AT.Korrrritscus, g<*neral characteristics of, 
862. 

Gurioidol, existing and fossil, 127. 

p.'Uera of, 121. 

Gibbons, 408. 

Glyptodon, peculiar character of, ‘291. 
fhJrill.a, 401. 

Growth in man, laws of, 418. 

1I« 

TIac.s (mar.9ipohra7Ui7iu\ optic nerves of, 65. 
Hand of unthropomorplui, 408, 410. 

Hoad and trunk, muscular system of, 44. 

of sja-rni-whale, 840. 

Hearing, organs of. c.ascs, ‘26, 

in ectacea. 819. 

Heart of amphibia, 156. 

bat. 8>6, 

bh'rls, 267. 

crocodili\s, 2<!6. 

modilic;ilion.s of, 67, 

porpoise, 81(5. 

s.'iuropsidii, 264. 

telcostei. 140. 

turtle, ‘>(;5. 

Hedgdjog, 875. 

Hippoi)(jt;imida>, goncaval characteristics of, 
819. 

Hommosaurfa, 195. 

Horn.s of deer, etc., 827. 

Horse, general cliaractcn sties of, 293. 

cervical vertebrit, 295. 

femur. 801. 

fore-foot and hind-foot, 294, 296. 

limbs, 297. 

muscles. 301. 

— • os.sa innominaU, 800. 

skeleton. ‘290. 

skull, 297. 

teeth, 295, 802. 

viscera, 804. 


Tlyposkeletal inusclos, 44. 

1 lyracoidoa, characteristics ofl 867. 

I. 

JciTTirYorsiDA, characteristics of, 100. 
lehthyosani'ia, 208. 

pectoral arch, 212. 

pelvis, 214. 

fikeletoTi, 209. 

skiiU, 211). 

vertebra*, 210. 

Impregnation of vt'rtchi’ata, 9. 
Jusectlvora, cluiracteristics ol^ 375. 


J. 

.j A('onso>r, organs ol^ 72. 


K. 

lvIONOCJ!AM.V, 196. 

I.. 

LAcritTiM.v. 166. 

groups, 198. 

organs of copuhtion, 272. 

skull 1S6. 

Lamb, dovclojunont of 28. 

I.amprey, optic nerves of, 66. 67. 

.sertions of skull, 108, HI. 

skull 2*1. 

teeth, 79. 

Larva of frog, 164, 

Larynx, 98. 

^ platyrrliini, 896. 

,sanroi).sidsi, ‘207. 

Lciotric.lii, 421. 

Leiriurid.-e, general characteristics of 3S8k 

hrain, 890. 

Iiml>.s 369. 

organ.s of reproduction, 890, 

skull 869. 

P'oth, 390, 801. 

Lepidtjsiren, aoj-tic arcli of, S-4. 
Li*pidostciis semiradiatus, brain of, 121. 
Idas, cljelonia in, I SO. 

— — ichtiiyosanria in, 214. 

Limbs of amphibia, l56. 

birds. 249, 

carrnvor.‘j, 351. 

lish(?s, 37. 

gali> 0 ])itbecu 8 , 362. 

hedgehog, 379. 

horse, 297. 

hyrax, 868. 

Icmurhhe, 389. 

man, 413. 

marmosi rt, 398. 

miiscjdar system of, 46. 

l»ig, 81 5. 

j)ori)oise, 365; 

position of 33. 

.si*al, 861, 

vei tt4;)rate<f animals, 81. 

Lion, .skeleton of, 352. 

Liver, 79. 

in sanroirsida, 264. 

Lizarrl, brain of 259, 260. 

pectoral arch and sternam, 35, 88. 
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Lizartl, skoloton of vis(;eral arches, 77. 
Lymphatic fivsiem, 90. 

Ly inpli-eorp a sc Ics, t) I . 


M. 

MArRAircnKXlD.K 312. 

Maiimwilia, j^cncral chanictoristics of, 102. 

classiru'.a(i<)7i, 278. 

tlccidualc, 3 ;j0. 

(iontai tVtrmuUe, Rl, 

(lovclopiiieut of licart, SO. 

skeleton ol visceral arches of m;inimals, 

77. 

Icetli, R03. 

Man, arrangement of principal vessels in Ini- 
uiau tietiis. Si). 

{renerul cliai-.'ictt'vistlc.s of, 413. 

comparison of ajiihropomorpha uitJi, 

413. 

tlig-ils of, 31. 

divisions of — 

Lciotrichi, 421. 
lllotriclii, 421. 

fossil, 421. 

law.s ofjjroAvth in, 418. 

muscles of <li^ 5 ^its, r»(>-4;>4. 

inusck'S of limbs, 4H. 

os jnnominutum, 80. 

position of limbs, 33. 

raccis ol’ 418. 

section of prcfrriant ntern.s of a <ieci«lii- i 

aio phufent.’il m.ammal, JO, 

se.viial dilicreTiccs, 418. 

teeth, 81. 

.Mannoso.ta. Avf'topUhednl. 
jMarsijMibrunciiii, 108. 

Mui'SU[»iiiUa, dig-its ot!, 2T'J. 

Masti/don, 30(5. 

jMesozoic Ibrnmtion, cro<.-odiIes in, 221. 

<lidc!phi<ia>, etc., .fn, 27^0. 

lizards in, 194. 

— — ornithoscelida in, 227. 

tiicsiosauri.a ooiillMcd to, ISO. 

ptcrosauria in, 228, 

Mioctaie epoch, cotylophora of, 82S, 

extinct nnaimtials. 320. 

fossil camelUbc, 329, 

fossil e<[ni<he, 300, 307. 

fossil hii)i)OiJotamida‘, 320, 

IbftsiJ rliinoccj'os, 3f U. 

fos.sii Tapir.'j, 3.12. 

grenus of .sijvnia, 38i{, 

Modilications of the brain, 59. 

of the Jieart, 8S. 

t>f reprodnetivi' organs, 98. 

Moles (ttifpfHii). 384. 

Monkeys, Siiniaflir. 

Monklish {•'^quutf.na\ pectoral mem]>cr 
38. 

sections of skull, 114. 

Monodi'iiihia, ciiaracteiistics of, 2Si. 

M osa.s:iui*ia, 197. 

Mndtish, 140. 

W usclcs of .amphibia. 40. 

antibrai.-binm, 48. 

arithroiannorpha, 409. 

— — ' crus, 48. 

cynornorpho, 400. 

the digit.s, 50. 


Mu.scies of dog, 355. 

eye in sauvoii.sida, 250. 

lishes, 4.5. 

Itcilgeliog, 3TT-370. 

boi.se, 301, 

the limh|S 47. 

in.jn, 4 1 0. 

maniioset. 391. 

ophidia, 2.50. 

pig. 315. 

plaUrrhini. 390. 

rat 4) it :Jt3. 

.seal, 302. 

sy.^ttcin ot in ophidia, chelonia, ami 

avesj 250. 

iriink and bead, 44. 

Musk-deer, slomacb of, 323. 

Mvclon, 0.5. 

Alyxinc, lOit 

N. 

Nki.uous, pecnllarititjs of, 419. 
jNerves. cerebral, 

- - of the eye. 7-> 75. 

sauro|)sida, 258. 

spinal, (55. 

syiopa(f»<’li<% 71. 

Nervous system of frog, 00. 

Non-riiminathig anima.l.s, 313. 


O. 

Oi-p-V'ToiiY a]»paratus, 72. 

Merv<’S. 00. 

Ojdiidia, group.s of! 200- 

lossiJ, 208. 

muscular system, 250. 

organs of cojuilation, 272. 

.skull, 202. 

teeth, 208. 

v<Ttei.)ra\ 2(>0. 

dptic.nerve.s, 00, 73, 74. 

<.)rangs, 403. 

mi<l«ile digit of, 50. 

Organs, circnhitory, ^1. 

— of In'ariug, 71. 

- - renal, 94. 

repr<»<lucfivc. Jleproductivc Or- 
gana. 

1 ‘espiralorv, M. See aLso liospiiation. 

of sight ^2. 

of taste, 78. 

of ioucb, 78. 

of voice, 93. 

Oriiithodcljdu’a, cJiaraeteri.stica of, 274. 
OrMUho.sccJida, 223. 

— — transitional character of skeleton 

221 . 

Os iimominalnm of man, SO. 

O-ssa in nominal a of the horse, 300. 
Ossifu-idion of facial app-aratu-s, 27. 

skull, 24, 

Tej'tcbra'. J7. 

0.strlch, rt'jn-od ne.ti vc organs of, 273. 

skull, 243, 

Obiridie (eared-seals), 3G0. 

O-v, skcloton ot; 321.' 
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P. 

P\L,i:oTifKrnD.K, o]2. 

Palate of o30. 

IV'ctoral ai-eli, til-. 

in binl.s, 247. 

chelonia, 17^^. 

— — otM’Oflilt'S. 2.19. 

aii(] forc-litiib of pike, ImS. 

of plo.slo.sauna, .Ib-k 

Poctoral linH, fi9. 

niojnbcr of monkfish 3S. 

IVlvii'. arcli, 2.0. 

of ehe Ionia, 178. 

of i)losios.'iuria, ISM. 

Pclvi.s of anthropoinoi'pha, 407. 

■ — - bat, oj>0. 

— — • binls, 2ol.^ 

croootlili-s, 220. 

cyitoiiiorplia. 400, 

liotl^fiOioL’', ;>77. 

man, II o; lower rae.o.s of m.an, 419. 

of pl.-ityrrhijii, OlKj. 

. [>i)rp()ise. 3 to. 

pb.'.ro.sauria, 230. 

sinaii.'i, M-'ij. 

Porniiitn O.nan.alion, lizards of, .195. 

Pe r i ssojlae ty la, 29 2. 

I’haiyti.'i'obr.'i.neliii, 104. 

Plioeid.'v, jrenoi'ul cluiraclcristlcs of, 301. 
)*hocodontia, 349. 

Pliytuiiliajra, 282. 

I'i5 anaOany of. 313. 

brain, (JO, iJi). 

(li.itit.al miiseles, 53. 

Pike, brain of, 142, 

1U)S, 41, 

pectoral .a roll an<l foro-liinb. 137. 

skull, 132-135. 

Piimipedia. cltar.actenstics of, 359, 

j'roups, 300. 

I'iscos. Ki.stios, 

“ PlacoUl exosUetcdoii,'’ 111. 

.Plaice, skull of, 30. 

Plastron of the eholonia, 174. 

PlaiyrrliUii, t-ouioral elj.aiacteristie.s of, 394. 
Plesiosam-ia, ISO, 1S5. 

pelvic ai-eli of, 1S5. 

skeleton, 181. 

c.\l.in<‘.t, confined to ^^cso^o^c rocks, 185. 

Pieuronectidie ftlatfislies), 30. 

Polyptot'u.s. camlal e.xtn'.mity of. 20. 

I'o rpoi.se, fronera! charactei'i6tie.s of, 342. 

Inairt. 31t5. 

muscles. 340. 

pclvi.s. 315. 

ivsjoratory appar.itus, 347. 

.skidl, 3-l^J. 

stomach, 310. 

tC‘Cth. 340. 

verrcbi'jo, 313. 

Posl-Triassic g-foui) of plcsio.sauria, 1S5. 
Ponparl's iio-ainent, 37, 

Prim;it«-.s, characteristics of, 33S. 

divisions of, 3S9. 

Probo.se.idca, o-erieral ciiiiractcristics of, 3(J1. 

lione.s, 3>0(J, 

lo.ssiL, 3(>8. 

• r«^j)io(i active or^oins, 300. 

skull, 804. 


Pi-oboscidea. stomach of, SC6. 

teeth, 300. 

vertebrio, 304. 

Protofosnnria, 195. 

Pro t o VC I t ( bi m, 1 0. 

Psalh-nuui of ruminant.s, 331. 
PterodiKityliis, skeleton oti 229. 
Ptcrosauriii. 228. 

fTroups of, 231. 

.skull, 229. 

verteftriP, 229. 

Python, dorsal vertebra 201. 

skull, 203, 205. 


K. 

PAHiirr, anatom V of. 371. 

brain, OO-Oo. 374. 

diirit.al muscles. 53. 

limbs, 373, 371. 

masc!c*s, 373. 

re prod Viet ivc orLOins, 374. 

skull, 372. 

teeth, 374. 

- •— vertoiu'a*, 371. 

- viscera, 374. 

Ka('(‘s of man, 418. 

Jbinu esculenta, cerebro-s))iiial and ayinpa 
Ibetic nervous .system or, 05, 

T*attk:.snalv.e, skuirof. 200. 

ICays, pctd-oral arch of, 34. 

skull, 24. 

h*eiial organs, 91. 

Ifeproductive oi-gans. 95. 

of amia calva, 120. 

- — amphibia, 103. 

a.nthro()om(>rj>ha, 413. 

bat, 380. 

biid.s. 272, 

— - dog, 35)8. 

hedgidvog, 381. 

Jemui‘i<l,'e, 390. 

man, 415, 41 7. 

tiio<lilicaliori.s of, 07. 

ostrich, 272. 

j)oi-poise. 349. 

sauj-opsifia, 273. 

Jb'ptithi, cljaracterisue..s of, 105, 

group.s, 101). 

Kespirafion, mcebanism of, 93. 

organs of, 91. 

in ampiiibia, 101. 

fiorpoisos, 348. 

s:iur.>p,si;la, 209. 

tcleostvi. 140. 

Khinocoros, gonorai oharact(?ri8tTCS of, 807. 

beiu's. 308. 

fo.s.sij, 309. 

reprovliictivc oi“gaus, 309. 

skirt, 8(,>7. 

.skidf, 807. 

teeth, 307, 309. 

vertebi.a\ .307. 

visc-era, 309. 

P hynchoccphala, 1 94. 

Ko*lontiu, giuieral characteristics ol^ 8C9. 

brain, 370. 

digits, 371. 

rej)rodmdi VO organs, 871. 

tcetli, 309, STD. 

YcrtebriC, 370. 
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Kuuiinating' aniraals, S22. 
— — act of feeding, 234. 

act of rumination, 825. 

groups of, 826. 


8 . 


Halamaxor v, hind-foot of, .88. 

Salmo, caudal extreunity of, 20. 

Sacrum of birds, 2^:>H. 

Sauropsida, general oharacterl sties of, lOL 

alimentary canal of, 2(>2. 

brain, 2.':>d, 2o‘.», 

ear, 202. 

— — cy(i-ii\usel(*s, 250. 

throe foians ftf, 201 

larvnx, 207. 

liver, 201. 

nnisdes and vi.sccra, 2.5*). 


nerves, ‘ir.S. 

icprodiudivo organs, 272. 

respiratory organs, 20'J. 

stomach, i04. 

toitgue of, 202. 

.Seals. S<’e Otarid.’O, Plioeidfc, Pinnipedia. 
Secretary-bird, sknll of, 210. 

Sensory organs, 72. 

Soxu.ll dilVercnccs in inan, 4 IS. 

Sharks, aortic arch of, 81). 

aortic bulb, 110. 

poctonil arch, ^3-4. 

skull, 21. 

Sheep, stomach of, 823. 

Shrews {HO}-k‘.e,ii\ 8S1. 

Simiiwlie, general cliaraetcristjc,s of, 8Ul. 

divi.sloris of, 81)2. 

skull, 80 1. 

teeth, 801. 

Sireriia, characteristics of, 880. 

Skate, brain of, U S. 

Skeleton, amphibian, 1.51, 152. 

— — of anthropomorpha, 4<H, 

catarrliino monkey, 802. 

chelono mulas, section of, 172. 

* elephant, 8(J1. 

flyiug-fo.x, 884. 

fossil equidaj, 805, 30<). 

horse, 20(1. 

ic.lhyosauria, 200. 

81. 

lion, 852. 

ornithoscolida, transitional chaiMCtor of. 

228. 


ox, 821. 

plcaio.saiinis, tS2. 

porpoise, 843, 

ptcrodael.ylus, 220, 

the skull, 22. 

vlsccroi U 1 V. 11 C.S of lizard, raammaL and 

flsh, 7S. 

See aUo Endo-skclcton, Exosketehm, 
Skall of accipenser, 124. 

amphibian, 153. 

of anthrop( >niorph.'i, 40.’5, 

— — arches belonging to, 71. 

of bat, 8S(). 

birds, 241. 

caruivorii, 850. 

— common fowl, 242. 

— — ootocca, 834. 


Skull of cheU>ni.a, 176, 177. 

cranial system, 22. 

crocodjle, 218. 

cynomorpfia, 807, 

dog, 8.58. 

olepliant, 865. 

Jishe-s, 81. 

fadnl carhalot, 841. 

frog, 1.52, 158. 

liedgchog, 8Tl). 

horse, 207. 

• lacertiiia, ISO, lOt). 

lemiirid.-e, 8.sib 

nj:in, 11 1, dilh ronccs in, 120. 

— uunmoser, 8‘,)8. 

juodilicaiiens of. 24, 

mudiish. 11*>, 146. 

nervc.s of, Od -Tl. 

— — o[»hidiit, 202. 

ornitlioscerKla, 227, 

ostrich, 2b). 

iisseons brain-ease, 24, 25. 

814. 

pike, 182-185. 

plaice, BO- 

platyiahini, 805, 

plosu.».sauri:i, IS;}. 

porpoise, 8.48, 

pterosaiiri.-t, 280. 

rabbit, 872. 

rattle.snakc O'rokk u,s), 206, 

rhinoeero.s, 8)07. 

.seal, 8(’.2. 

secret arv -Ilf rd, 2h). 

sir* Ilia, 

si>alularia. 123. 

>turg*;()n, 124. 

tremato.s.anrns, 128. 

■ — tyjdcal .segment o^ 25, 

ualru.s, 800. 

\vhale, 827, 82S. 

Sloihs, characteristics of, 288 

atikli ‘.-joint, 283, 

limbs, 2 n8. 

jn;lvi.s, 288, 

tongue, 280. 

vertebra', 28:3. 

S nake s. See Oj> 1 1 i * ( ia. 

Horiecs (.sln’cws). 884. 

Spatulariii, skull of, 128. 

Sjiinal ctmul an«l coni, 05, 

system, 17. 

Spleen, 21. 

Bpouting, mech.inisiu of, m celacoa, 3iS. 
Bp*jr of birds, 2o t. 

B«piatina (monkOsh), petdoral 7iioird>er of, 39 

sections of skull, 115. 

Bten.son, canals of, 72. 

Sternum in birds, 240, 211. 

of frog. j r>7. 

of lizani, 85, 8G, 

Stonuudi, 7l). 

of camels, etc., 82S. 

carnivora, 35 1. 

mtisk -dcer, H28. 

— — * por|>oisc. 84(3, 

ruminating animals, 322, 328, 

e:nn’opsi*1it, 2G4. 

sheep, 828. 

teleo.stei. 189. 

Sturgeon, .skull of, 24, 124. 
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vftrijitiori® in, yiS. 

yyinjialli4*iio iutv«“s, 71. 
b;y rlnx, 

oi‘ bii'tls, 2GS. 


T. 

TADPOLr,!?, 10:"), ICO. 

'JVipirs, cliariK-toriritios of, 310. 

Tarsus, skeletal elemOJils of, 81. 

Tiisto. orir'in of, Trf. 

Tooth, 7V». 

of aitipliibin, ,1oS. 

ajitliropoiuoi-plia, 411. 

hat. iiSf), 8>T. 

carnivora, 8.')0. 

yryj. 

cotiK'oa, 88.“». 

<Toeodilo.s, 

oynoni(ji’])h.a, 4<»1 , 

fk iphinoidoa. 840. 

(liUolphia, ‘JTS. 

doii:, ifoO. 

cOcnhita, 

edonlala t.niaiUdoJit.ata, 

vl('|iiunit, 

oxtinot inaininalii. 8'JO. 

lisho-s 1.14, i8s. 

I^rjloopiiiioctis, 8S‘’. 

hi'd^^'lio.Lr, 37tk 

lu[ipoi»oi,iunns, 810. 

hoi so., 802. 

hyra.v, 8(jS. 

laoortilia, 198. 

loinru-ida;, 890. 

Tiiaoraiiohonida-, 81 '2. 

inati. 417, 420. 

jnanuo.sot, 892. 

ophidia, 208. 

oriiilhoscolida, 227. 

pala-otlicridio, 812. 

pi- 818. 

]>latyrriuns, 898. 

jiorpoiao. 84G. 

ralibit, 874. 

■ rhiii<)OA:ros. 807. 

rodofitia, 8G0. 

seal, 808. 

siren in, 882. 

■ siiida:*, 818, 818. 

tivx>irs, 310. 

• toxoiloiitia. 329 

Avnirus, 8G0. 

xvlialo. or whalobonc, 339. 

Tolcost.oi. 18fk 

aortic uroh of, 81. 

I’ciilary epoch, extinct colacojms of, 850. 

late, fb.ssil niai) in, 421. 

Thymus, 91. 

Tohg'uc of anipliibia. 158. 

sanrop.sidii, 20:1. 

sloths, 2s7. 

3'or|iedo, electrical apx>aratiis of, 55. 
Torloisos, 170. 

I’onch, or/JTiins of 78. 

Toxodonlia, extinct, cliaract eristics of, 320. 
Tra-\iUdic, 32G. 

Transition of skeleton of orTdtho.scelida, 224, 
Trematosaurus, sknll of, 155. 


Triasslc formation, croeodicjs of, 221. 

extinct ll/.ards, 195. 

— — t!i<.‘ynodoMtia, 224. 

ieht hy osanria, 213. 

maeroiiodidic, etc.., 280. 

Triassie ^••ronixs of ])!esio.-'anria, ISo. 
'rricliccl)ida> (u nli'uses), 3Gi». 

8 ri;.p.Mninal nci-ves, 08, 70. 

4'nink ami lu^ad, mnseulav system of, 44 
'I'lirke-v, brain of 27>9. 

'J’lirth'S, 170. 

h<*art, 204, 2(k5, 

X»iastron. 174. 

skull, 176, ITT. 

'I'yloiiodu or e.:im;‘Ud;e, 828. 


i;. 

Ttr,OTKTriiT, 421 , 

Un-ulata, c]j;iracteristie.s of, 292. 


V. 

TAMinnyo l>at, 8SS. 

Vascuiar sy.stmn, SJ -87. 

Vein.fl, .S^k 
Ventr.‘>I tins, 89. 

Verbdu'ai of anlhroj'Oinorpha, 405. 

l>at, 385. 

birds. 280. 

eamhd, 19. 

of carnivora, 850. 

ectacea, 884. 

<T<)ci)(iiles. 214. 

cvnoTiioi'xdia, 89S. 

— ^ 85^1. 

bcd-cbot.^ 870. 

horse, 25>r). 

Iiyrax, 807. 

MUhyo.saui'ift, 208. 

— • 'acertilia. .1^7. 

.eniurida*, 889. 

man, 41 1 ; l(»\vcr raoc.s of 420. 

inarnK).s<d, 398. 

ornithoscelida, 227. 

-• o.ssilicaiiori of 17. 

of ]»i-, 318, 

platyrrhinc, .804. 

porpoise, IM:}, 

|>rohos<aM<;a, 804, 

]iter(>.«atiria, 229, 

rribbit, 871. 

rhinoceros. 307. 

— — rodcrd.ia, 3T0. 

seal, 800. 

sirenia, 880. 

— — snakes. 2ol. 

lajdr.s. 801. 

xvhalo.s, 3 j10, 

^h'rtobmta. di.stlmdivo diamotcre of 7. 

deveioprnont, 9. 

f etal appendages, 12. 

— imj)i‘egnntlon, 9. 

limbs, 31, 

provjnc.e.s or groups, 100. 

A' crtcl.u’ute endoskcloton, 14. 

exoskcletoii, 89. 

Vesicles of i.lte lu'-ain, 55. 

Viscera of Hnthropomorx>ha, 412. 

cumclida', 824. 

— eynomorpha, 401. 
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Viscera of elepTiai>t, SCO. 

he<l^oho4’, SSO. 

liorsc, 

liyrax, SOS. 

ItMiiuridfc, SSO. 

piij, SIS. 

plfitynhint, S9G, SOT. 

— — rabbit. ST4.^ 

rcxlentiti, S70. 

— BOtti, sm. 

t 4 ipirs,Sll. ^ . . . 

Yieiceral lu-elits and ckfts, 14. 


Visceral ar<’ho9, skeletons of, 77. 
\''oicc of biixls, iiOS. 

organa of, OS. 


W. 


WlIAnEBONK. SSi) 

VViiale, <uu--l.onca of, SSS. 

skull of, SSS. 

skuM of fo'tal, SS7. 

sperm, head of, S40. 
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Doveloprt\ent. By Dutueh Hotaien, F.Jt.C.S., Senior Surgeon to St. 
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WAGSTAFFE.—T\\q Student’s Guide to Human 
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WILSON — BUCHANAN — CLARK.— Wilson’s 
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King’s Ctdlcge. Fourth Edition. With nearly 300 Engravings, fcvo, 16s. 
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Laboratory Teaching; or, Progressive 
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BOWMAN AND iJZO.YAJ/.— Practical Chemistry, 
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TIDY.-- A Handbook of Modern Chemistry, 
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.Fifth Edit;on l)y W.B. UoooKiN.-iOx, Ph.,!). Demon- 

strator of Practic'al Chcmi.stry in tlic Scicuce Ttaining Schools. 
AVitli iingraviugs. Svo, 7s. 6d. 

An.so, 

Chemical Tables for the Lecture-room and 

Laborati.e y, In Fi\'c large Sheds, 5a. 6d. 


NFjr TURLINGTON STREET. 



J, (JuarchiU'>< liledtcal Chf^n iJooh's. 


CHIIiDBEN, DISEASES OF. 
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.SjeiFiZ/L.— The Student’s Guide to Dental 
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Bj" AVii, 1,1 AM B. Dal'.’.v, F.ll.C.S., Anral Surgeon to, and Lecturer on 
Aural Surgery at, St. Goor.g<'’8 Hosjiital. Second Edition. With 
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Fourth Edition. Crown 8vo, 2s. (Id. 

ROYLK AA\D HARLEY.— h. Manual of Materia 

Medioaand Therapcntics. By J. Fouhks Bovi.k, M.D., F.R.S., and John 
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Medhiine at, St. Thomas’s Hospittil. Sixth Edition. With 139 Engrav- 
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tise on the Diagnosis and Treatment of Disease. By Austi.v Fj.ist, 
31. D., Ih'ofessor of the Principles and li-actice of Medicine, &c., in 
Bellevue Hospital Medical ColltJge. Svo, 20s, 
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A Manual of Percussion and Auscultation ; 
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BALL. — Synopsis of the Diseases of the Larynx, 

liUng.g, and Heart : comprising Dr. Edwards’ Tables on the E.vainina- 
tion of the Chest. With Alterations and Additions, By F, De 
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WHITTAKER. — Students’ Primer on the Urine. 
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MIDWIFERY. 

BABNES . — Lectures on Obstetric Operations, 

including the Treatment of irauuorrhago, and forming a Guide to the 
Managcmf iit of Diiiicult Tjabour. By Rojieut TUunks, M.l)., F.R.C'.P., 
Obstetrie Pliysician to, and Lecturer on Diseases of Wtmion, ttc., at St. 
George’s Hospital. Third Edition. With 124 Engravings. Svo, 18s. 


CLAy \ — The Complete Handbook of Obstetric 

Surgery ; or. Short Rules of Practice in every Emei’geney, from the 
Sirnphist to the most formidable Optirations connected with the Science 
of Obstetricy. By (’ii.\m.KS Ci.ay, M.D., late Senior Surgeon to, and 
T..e<;tnTer on Midwifery at. Si. Mary's Hospital, Manchester. Thii’d 
Edition. With 91 Engravings. Feap. Svo, Gs. 6d. 


nAMS>:^QZ’TrA3I.— The Principles and Practice 

of Ohstetrio Medicine ami Surgery. By Fraxots H. IiA>r.sno’rM:.\M, M.D., 
formerly Obstetric Physician to the London Hosjutul. I'ifth Edition. 
With 120 Plates, foi'miug one thick handsome volume. 8vo, 22s. 


ROBERTS . — The Student’s Guide to the Practice 

of Midwifery. By 1), Lt.oyo Koukhts, M.I)., F.ll.C.P., Pliysician to 
St, Mary’s Hospital, Manchester. Second Edition. With 111 Engrav- 
ings. Feap. 8vo, 7s. 

SCIIROEDER . — A Manual of Midwifery ; includ- 
ing the Pathology of Pregnancy and the Pm-rperal State. By Kari/ 
SchkokdkrjM.T)., Professor of Midwifery' in the University of Erlangen. 
Translated by Cuaklks II. Cavitkk, M.I.). With Engravings. 8yo, 
12s. 6d. 


— Obstetric Aphorisms for the Use of 

Students commencing Midwifery Pi'actice. By Jo.HF.rii G. Sw'Ay'ne, 
M.-D., Lecturer on Midwifery at the Bristol School of Medicine. Seventh 
Edition. With Engravings. Ecap. Svo, 3s. 6d. 
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MICROSCOPY. 

CARPENTEIL — The Microscope and its Revela- 
tions. Uy WiLi.TAM B. C'aj:t-kntek, C.B., M.D., F.ll.S. ftixfli Edition. 
With more than 500 Engraving's. Crown Svo. [Z» 2^ref-aration. 

MAllSIT. — Section-Cutting : a Practical Guide 

to the Preparation and Mounting of Sections for the lMi( roscope, f-i>ecial 
prominence being given to the subject of Animal Sections. By Dr, 
Sylvester Marsh. With Engravings. Feap. Svo, 2s. Cd. 

AIAIiTIN. — A Manual of Microscopic Mounting. 

By John H. Maic itx, Mi'mher of the Society of Public Analysts, &c. 
Second Edition. With several Plates and 111 Engravings. Svo, 7s. Cd. 

WYTHE. — The Microscopist : a Manual of 

Microscopy and Compendium of the Microscopi(j 
Mineralogy, Micro-t.JiOTnistry, Biology, Histology, and Ir'aUiological 
Histology. By J. H. Wythe, A.M., M.l)., Ih'ofes.sor of Microscopy and 
Biology in the San Francisco INledical Col lego. Thiid Edition. With 
205 Illustrations. Iloyal Svo, ISs. 


OPHTHAIiMOIiOGY. 

HIGGENS . — Hints on Ophthalmic Out-Patient 

Practice. By Chari.k.s Hicoen-s, F.ll.C.S., Ophthalmic Assistant-Sur- 
geon to, and Eecturer on Ophthalmology at, Ouy’.s Hospital. Second 
Edition. Fcai). Svo, 3«. 

JONEi ^. — A Manual of the Principles and 

Practice of Ophthalmic Medicine and Surgery. By T. Wharton Jonkh, 
F.R.C.S., F.R.S., Ophthalmic Surgeon and Professor of Ophthalmology 
to University College Hospital. Third Edition. With 9 Coloured 
Plates and 173 Engravings. Fcap. Svo, 12s. 6d. 

MAGNA MARA . — A Manual of the Diseases of 

the Eye, By Charles Macnamara, F.B.C.f?., Surgeon to Westminster 
Hospital. Third Edition. With 7 Coloured Plates and 52 Engravings. 
Fcap. Svo, 12s. 6d. 
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J, Sf A. ChurchiU’s Medical Class Books. 


OPHTHALMOLOGY— 

NETTLESHIP.—'Th.e Student’s Guide to Diseases 

of the Eye. Eowakd NKTTT.Ksfiir, F.R.(‘.8., Ophthalmie SuTjreon 
to, and Lecturer on Oi>hthalmic Siirprery at, 8t, Thomas’s Hospital. 
AVith 'IS Eugraving-a. Fcap. Svo, 7s. 6d. 


PATHOLOGY. 

JONES AND SIEVEKJNG.—N Manual of Patho- 

logical Anatomy. By (I. Jr.\NnviKi.i> JoxR.s, M.B., F.R.S., and .Ehwarp 
ir. ^iKVKKfNo, M.l)., F.lt.t tP. Second Edition, lildited, with consider- 
al)le enlargement, by J. F. Pavnk, M.B., Assistant-Physician find 
I.eeturer on General Pathology at 8t. Thomas’s Hospital. With 196 
Engiiivings. Crown Svm It's. 

VlllCftffW. — Post-Mortem Examinations : a 

Description and Explanation of the Method of Performing them, 
with especial reference to Medico-Legal Practice. By Professor 
Ri.oom'h Vinenow, Berlin Cliarite Hospital. Translated by I)r. T. B. 
Smith. .Second Edition, with 4 X*lates. Fcap. 8vo, Ss. 6d. 

WILKS AND jIfO.rOxV.— Lectures on Pathologi- 

cal Anatomy. By Sa.murl Wii.ks, M.D., F.lt-8., Physician to, and 
Lecturer on Medicine at, Guy’.s Hospital; and WAL'i’su Moxon, M.D., 
F. R.G.F., Physician to, and Lecturer on t'linical Jlcdicine at, (iluy’s 
Hospital. Second Edition. AVitli 7 Steel Plates. 8vo, 18s. 


PSYCHOLOGY, 

BUOKNILL AND TUKE.- A Manual of Psycho- 

logical Medicine: containing the Ltinacy Laws, Nosology, ^Etiology, 
Statistics, I)escrii>tion, Diagnosis, Pathology, and Treatrmsnt of Insanity, 
with an Appendix of Cases. By John C. BrcKNii.L, IVr.D , F.R.S., 
and 1). Hack Thkk, M.D., -F.R.Ol.P. Fouilh Edition, with 12 Plates 
(30 Figtire,' ). .Svo, 25.S. 
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PHYSIOLOaY. 

CARPENTER . — Principles of Human Physio- 
logy. With Stool Platos aiid nearly 4(X> Engravings. Wn.i.iAsv 13. 
Carpenteu, C.B., M.D., F.Ii.S. Ninth Edition. Edited by Mr. Henry 
Tower. 8vo. \ 2<mrly ready. 

By ihc same Author. 

A Manual of Physiology. With upwards 

of 250 lllu.stratiou.s. Fifth Edition. Crovm 8vo. iln preparation . 

DALTON . — A Treatise on Human Physiology : 

designed for the use of Studenhs and Practitioners of Moilicine. 13y 
John* C. Dalton, M.D., Trofossor of Physiology and Hygiene in the 
(’ollege of Physicians and Surgeons, New York. Sivtli Edition. With 
316 Engravings. Royal 8vo, 20.s. 

FREY , — The Histology and Histo-Chemistry of 

Man. A Treatise on the Elements of Composition and Btrueture of the 
Human Body. By Heinbioii FjiKv, Pi’ofessor of Medicine in Zuricli. 
Translated by AKTHt;n E. Baukku, A.sftistant-8urgeon^o^__the Uni- 
versity College Hospital. With 608 Enguvings. 8vo, 21s. 

FULTON . — A Text-Book of Physiology, includ- 
ing Histology. By J, Fulton, M.D., Profe.ssor of Physiology and 
Sanitary Science in Trinity Medical College, Toronto ; Simgeon to the* 
Toronto General Hospital. Second Edition, with 161 Engravings. 
8vo, 16s. 

RUTnERFORD.~Ont\ine.s of Practical Histo- 

logy. By William .HuTHKBroKD, M.D., F.B.S., Professor of tlie Insti- 
tutes of Medicine in the Univevaity of Edinburgh ; ExaniLner in 
Physiology in the University of London. Becoml iCdilion. AVith 6:3 
Engravings. Crown 8vo (with additional leaves for Notes), 6s. 

SANDERSON.— UBiudhooVi for the Physiological 

liuboratory : containing an Exposition of the fundamental facts of the 
Science, with explicit Directions for tiieir deinon.stration. By J. Bukoon 
Sanokubon, M. D., F.R.S., .Todrell Professor of Physiology in University 
College; E. Klkin, M.D., F.H.B., As-sistant- Professor in the Brown 
Institution; Michael Fosteb, M.D., F.R.S., Frielector of Physiology 
at Trinity College, Cambridge; andT. Lauder Brunton, M.D., 
Lecturer on Materia Modica at Ht. Baitholomow’s Hospital IVIedical 
College. 2 Vols., with 123 I’lutcs. 8vo, 248. 
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SUKaERY, 

BRYANT. — A Manual for the Practice of 

Sarg-ery. By Thomas Buyant, F.R.C.S., Surg-oon to, imd Lecturer on 
Surgery at, Guy’s Hospital. Third Edition. With 67*2 Engravings 
(nearly all original, many being coloured). 2 vols. Crown 8vo, 28s. 

BELLAMY . — The Student’s Guide to Surgical 

Anatomy; a Description of the more important Surgical Regions of 
the Human Body, and an Introduction to Operative Surgei-y. By 
Edwako BET.i-Aitv, F.R.C.S., and Member of the Botml of Examiners ; 
Surgeon to, and I>?cturer on Anatomy at, Charing Ci’oss Hospital. 
Second Edition. With 76 Engravings. Fcap. 8vo, 7a. 

CLARK AKD WAG8TAFFE. — Outlines of 

Surgery and Surgical Pathology. By F. Li? Guoa Clakk, F.R.C.S., 
F.R.S., Consulting Suigcon to St. Thomas’s Hospital. Second 
Edition. Revised and expanded by the Author, as.siated by W. W. 
Waghtaffe, F.R.C.S., Assistant-Surgeon to St. Thomas’s Hospital. 
8 VO, 10s. 6d. 

Surgeon’s Vade-Mecum; a 

Manual of Modern Surgery. By Robert Drcitt, F.R.C.S. Eleventh 
Edition. Witli 360 Engravings. Fcap. 8yo, 14s. ^ 

FFRGUBSON . — A System of Practical Surgery. 

By Sir William Fehousbon, Bart., F.R.C.S., F.E.S., late Surgeon and 
Professor of Clinical Surgery to King’s College Hospital. With 463 
Engraring.s. Fifth Edition. 8vo, 218. 

HEATH . — A Manual of Minor Surgery and 

Bandaging, for the nse of House-Surgeons, Dressers, and Junior Practi- 
tioncr.sr. By CiiuisTopUKR Heath, F.R.C.S., Holme Profesaocof Clinical 
Surgery in University College, and Surgeon to the Hospital. Sixth 
Jildition. With 115 Engravings. Fcap. 8vo. 5s. (id. 

By the same Author. 

A Course of Operative Surgery : with 

Twi niy Plates drawn from Nature by M. Ekvbille, and Coloured 
by hand under his direction. Large Svo, 40s. 

ALSO, 

The Student's Guide to Surgical Diag- 

nosis. Fcap. Svo, 6d- 6d. 
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J, A, Churchiirs Medical Class Books. 
SUIIGERY — co'iUmued. 

MAUNDER . — Operative Surgery. By Charles 

F. MAUNDBit, F.U.C.S., late Surgeon to, and I/jcturer on Surgery at, 
the London Hospital. Second Edition. With 161 Engravings. Post 
8vo, 6s. 

PIRRIE. —The Principles and Practice of 

Surgery. By Wit.liam Pikrie, F.R.S.E., Professor of Surgery in the 
ITniversity of Aberdeen. Third Edition. With 490 Engravings. 8vo, 28i3. 


TERMINOIiOGY. 

DUNGLISON . — Medical Lexicon : a Dictionary 

of Medical Science, containing a concise Explanation of its various 
Subjects and Terms, vrtth Accentuation, Etymology, Synonymes, &c. 
By Robley DuNaT.i.sox, M.D. New Edition, tborouglily revised by 
Richauo J. Dir.vGLisox, M.D. Royal 8vo, 28s. 

MAYNE.—A Medical Vocabulary ; oeing an 

Explanation of all Terms and Phrases used in the various Depart- 
ments of Medical Science and Practice, giving their Derivation, Meaning, 
Application, and Pronunciation. By Robeut G. Mayxe, M.D., LL.D., 
aiid JoHK Mayne, M.D., L.R.C.B.E. Fourth Edition. Fcap. bvo, 10s. 


WOMEN, DISEASES OP. 

BARNES . — A Clinical History of the Medical 

and Surgical Diseases of Women. By Robbet Baukks, M.D., F.R.C.P., 
Obstetric Physician to, and Lecturer on Diseases of Women, <S:e., at, St. 
George’s Hospital Second Edition. With 181 Engravings. 8vo, 288. 

DUNCAN — Clinical Lectures on the Diseases 

of Women. By J. Matthe'w'.s Dit.ncan, M.D., Obstetric Physician to 
St. Bartholomew’s Hospital. 8vo, 8s. 

EMMET. ~ The Principles and Practice of 

Gynaecology. By Tho.ma.s Addi.s Emmei', M.D., Burgeon to the 
Woman’s Hospital of the State of New York. With 130 Engravings. 

. Royal 8vo, 24s. 
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WOMEN, BISEASES .01?- -cmUvint«d. 
GALABIN.-r-The Student’s Guide to the Dis- 

eases of iVoftien. By Alkrbb It. GALABfir, IVf.D., F.H.OvP., Assistant 
Obeteti'ic Phy«5iciaii and Joint I.‘.iecturfiv on ObsUjtric Mcdioine at Ouy’s 
Hospital. With 63 Engraving'S. Feap. 8vo, 7s. 6d. 

EEYjYOLDjS . — Notes on Diseases of Women. 

SjieciaUy designed for Students pjeparing for Exuruination. By J. J. 
Rktnoi.dh, M.R.C.S, Fcai>, 8vo, 3s. t>tl. 

BMITJL — ^Practical Gyncecology : a Handbook 

of the Diaoafte.s of Women. By Hkywood Smith, M.E., Physician to 
the IXoBiiital for Women and to the British Lying-in Hospital. With 
Engravings, Crown 8vo, 6s. 6cl. 

W£ST AND DUNCAN— 'Lectures on the Dis- 

eases of Women. By Oiiahx.ks Wkst, M.D., F.B.O.P. Fourth 
Edition. Revised and in part re-written by the Author, wdth nuDit>ri»u.s 
additions, by J. M.vrTiiiiW'.s Li sc.ix, M.1)., Obstetric I^ysiciau to St. 
Bartholomew’.^ Hiispitiwl. 8vo, Ida. 

zooLaay. 

BRADLEY . — Manual of Comparative Anatomy 

and rhy.siology. By 8. Meh.sbxgkti BftADtKv, F.R. C.S., late Leettiror on 
Practical Burgery in Owen’s College, Manchester. 'J’hird Edition. 
With 61: Engravings. I'ost 8vo, 6.s. 6d. 

CHAUVJSAU AND FLEMING— T\ie Compara- 

tive Anatomy of the Bomeeticated Animals. By A. Chauveatj, 
Professor at the Lyons Veterinary School ; and (tKObqk Fi.KMi.Nfi, 
Veterinary Burgeon, Royal .Enginecra, With 450 FJngravmgs. Svo, 
318. 6d. 

HUXLEY. — Manual of the Anatomy of Inverte- 

brated Animals. By TuoMAa H. Hvxi.kv, LL.L., F.E.B. With 156 
Ei^ravings. Fcap. Bvo, 16.^. 

By the same Author. 

Manual of the Anatomy of Vertebrated 

Animals. With 110 Engravings. Post 8vo, 12s. 

WILSON , — The Student’s Guide to Zoology : 

a Manual of the Pi'inciples of Jioologictil Bcieuce. By Andrew' Wi l.=;on, 
Lecturer on NaturM Hi-story, Edinburgh. With Ihigravings. Fcap. 
8VO, 68. Cd. 
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